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CYSTEINE PROTEASE AND INHIBITORS FOR PREVENTION AND 
TREATMENT OF NEUROCYSTICERCOSIS 



PRELIMINARY AMENDMENT 

Assistant Commissioner for Patents 
ATTN: BOXPCT 
Washington, D.C. 20231 

Dear Sir: 

The present application is a U.S. National Stage of PCT Application Serial No. 
PCT/USOO/10672 filed April 20, 2000, which claims priority to U.S. Provisional Patent 
Application Serial No. 60/130,338 filed April 21, 1999. 

Prior to taking up the above-identified application for examination, please amend the 
application as follows: 

In the Title 

Please replace the title with: 

"CYSTEINE PROTEASE AND INHierrORS FOR PREVENTION AND 
TREATMENT OF NEUROCYSTICERCOSIS" 

In the Claims 

Please amend claims 4-6, 8-10, 14, 15, 17-25, 28, 29, 31-34, 39, 42 and 43, and add 
claims 44-48. The new and amended claims are provided below in clean form. Per 37 C.F.R. 
§1.121, amended claims are also shown in Appendix A with notations to indicate changes made 



PreKminary Amendment 2 

Applicant(s): Salman Baig et al. 

Serial No. Unknown (National Stage of PCT/USOO/10672) 
Filed: Herewith (Intl Filing Date: April 20, 2000) 

For: CYSTEINE PROTEASE AND INHIBITORS FOR PREVENTION AND TREATMENT OF 
NEUROCYSTICERCOSIS 

(for convenience, all pending claims, including those added hereby, are provided in Appendix 
A). 

4. (AMENDED) A vaccine comprising a cyst wall cysteine proteinase or a polynucleotide 
having a nucleic acid sequence encoding a cyst wall cysteine proteinase; and a pharaiaceutically 
acceptable carrier. 

J 5. (AMENDED) A method for preparing the vaccine of claim 4 comprising mixing a cyst wall 
: cysteine proteinase or a polynucleotide having a nucleic acid sequence encoding a cyst wall 
cysteine proteinase; and a pharmaceutically acceptable carrier. 

=^ 6. (AMENDED) A vaccine comprising at least one component selected from the group 
consisting of (a) a polypeptide comprising a cyst wall cysteine proteinase or an immunogenic 
polypeptide subunit thereof and (b) a polynucleotide comprising a nucleotide sequence encoding 
a polypeptide comprising a cyst wall cysteine proteinase or an immunogenic polypeptide subunit 
thereof; and a pharmaceutically acceptable carrier. 

8. (AMENDED) A method for treating an animal harboring a Taenia infection comprising 
administering to the infected animal the vaccine of claim 6, wherein administration of the 
vaccine is effective to eliminate the parasite from the animal or to prevent or delay the 
appearance of cysticercosis or neurocysticercosis the animal. 

9. (AMENDED) A method for protecting an animal against a Taenia infection comprising 
administering to an uninfected animal the vaccine of claim 6, wherein administration of the 
composition is effective to prevent subsequent infection of the animal by the parasite or to 
prevent the development of cysticercosis or neurocysticercosis in the animal after subsequent 
infection by the parasite. 
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10. (AMENDED) The method of claim 8 wherein the animal is a pig or a human and the 
Taenia infection is a T. solium infection. 

14. (AMENDED) The pharmaceutical composition of claim 12 wherein R comprises a 
chemical moiety selected from the group consisting of a carboxylic acid derivative, an amide 
derivative, a benzene derivative, a phenyl derivative, a chloromethylketone or derivative thereof, 
a fluoromethylketone or derivative thereof, an alphaketo acid or derivative thereof, a ketoamide 
or derivative thereof, a ketoester or derivative thereof, a vinylsulfone or derivative thereof, and a 
pyridyl or derivative thereof. 

15. (AMENDED) The pharmaceutical composition of claim 12 wherein R comprises a 
fluoromethylketone (FMK). 

17. (AMENDED) The pharmaceutical composition of claim 11 wherein the inhibitor molecule 
inhibits cyst wall cysteine proteinase derived from T. solium or T. crassiceps. 

18. (AMENDED) A pharmaceutical composition comprising Z-Leu-Leu-Leu-FMK or Z-Leu- 
Leu-Tyr-FMK; and a pharmaceutically acceptable carrier. 

19. (AMENDED) A method for treating human neurocysticercosis comprising administering to 
a human subject the pharmaceutical composition of claim 18. 

20. (AMENDED) A method for treating porcine cysticercosis comprising administering to a 
porcine subject the pharmaceutical composition of claim 18. 
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21. (AMENDED) A method for treating human neurocysticercosis or porcine cysticercosis 
comprising administering to a human or porcine subject a pharmaceutical composition 
comprising an inhibitor molecule that inhibits the activity of a Taenia cysteine protease, the 
inhibitor molecule comprising a peptide or peptidomimetic compound; and a pharmaceutically 
acceptable carrier. 

|4 22. (AMENDED) The method of claim 21 wherein the peptide or peptidomimetic compound 
comprises (Xaa)„-Yaa-Zaa-R; wherein Xaa and Zaa are each independently any amino acid; Yaa 

f fl is a hydrophobic amino acid; R comprises a nucleophilic moiety; and n = 0-5. 

-Hi 

III .. 

f 23. (AMENDED) The method of claim 22 wherein Yaa is leucine. 

|# 

-,«r 24. (AMENDED) The method of claim 22 wherein R comprises a chemical moiety selected 
from the group consisting of a carboxylic acid derivative, an amide derivative, a benzene 
derivative, a phenyl derivative, a chloromethylketone or derivative thereof, a fluoromethylketone 
or derivative thereof, an alphaketo acid or derivative thereof, a ketoamide or derivative thereof, a 
ketoester or derivative thereof, a vinylsulfone or derivative thereof, and a pyridyl or derivative 
thereof. 



25. (AMENDED) The method of claim 22 wherein R comprises a fluoromethylketone (FMK). 

28. (AMENDED) The method of claim 26 wherein R comprises a chemical moiety selected 
from the group consisting of a carboxylic acid derivative, an amide derivative, a benzene 
derivative, a phenyl derivative, a chloromethylketone or derivative thereof, a fluoromethylketone 
or derivative thereof, an alphaketo acid or derivative thereof, a ketoamide or derivative thereof, a 
ketoester or derivative thereof, a vinylsulfone or derivative thereof, and a pyridyl or derivative 
thereof. 



29. (AMENDED) The method of claim 26 wherein R comprises a fluoromethylketone (FMK). 
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31. (AMENDED) The method of claim 26 performed in cell free environment. 

32. (AMENDED) The method of claim 26 performed in cell culture, in an organ, or in a tissue. 

33. (AMENDED) The method of claim 26 performed in a whole animal. 

34. (AMENDED) The method of claim 26 wherein the Taenia cysteine proteinase is derived 
from T. solium. 

39. (AMENDED) The method of claim 37 wherein the inhibitor is Z-Leu-Leu-Leu-FMK or Z- 
Leu-Leu-Tyr-FMK. 

42. (AMENDED) The method of claim 40 wherein inhibitor is Z-Leu-Leu-Leu-FMK or Z-Leu- 
Leu-Tyr-FMK. 

43. (AMENDED) The method of claim 40 wherein the animal is a pig or a human and the 
Taenia infection is a T. solium infection. 

44. (NEW) The method of claim 9 wherein the animal is a pig or a human and the Taenia 
infection is a T. solium infection. 

45. (NEW) The method of claim 38 wherein the inhibitor is Z-Leu-Leu-Leu-FMK or Z-Leu- 
Leu-Tyr-FMK. 

46. (NEW) The method of claim 41 wherein inhibitor is Z-Leu-Leu-Leu-FMK or Z-Leu-Leu- 
Tyr-FMK. 
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47. (NEW) The method of claim 41 wherein the animal is a pig or a human and the Taenia 
infection is a T. solium infection. 



48. (NEW) The method of claim 42 wherein the animal is a pig or a human and the Taenia 
infection is a T. solium infection. 
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Remarks 

Claims 4-6, 8-10, 14, 15, 17-25, 28, 29, 31-34, 39, 42 and 43 having been amended and 
claims 44-48 have been added, the pending claims are 1-48. 

Amendments to the claims have been made to remove multiple dependency, and to 
clarify the claimed subject matter. 



Conclusion 

The Examiner is invited to contact Applicants' Representatives at the below-listed 
telephone number, if there are any questions regarding this Preliminary Amendment or if 
prosecution of this application may be assisted thereby. 



October 19. 2001 



Date 



By:_ 



Respectfully submitted for 

Salman Baig et al. 

By 

Mueting, Raasch & Gebhardt, P.A. 
P.O. Box 581415 
Minneapolis, MN 55458-1415 
Phone: (612)305-1220 
Facsimile: (612)305-1228 
i^tonier >fumber 26813 



Victoria A. Sandberg 
Reg. No. 41,287 
Direct Dial (612) 305-1226 



"Express Mail" mailing label numbe r EL888271991US 

Date of Deposit October 19. 2001 

1 hereby certify that this paper and /or fee is/are being deposited with the United 
States Postal Service "Express Mail Post Office to Addressee" service under 37 
C.F.R. 1.10 on the date indicated above and is addressed to the Assistant 
Commissioner,fcf Patents, Agp: Bj!K PCX, Washington, D. C. 20231. 



Name: GaraL.Ladwig 



lerjfor Patents, Ami: B«i POT, Washing 
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APPENDIX A - SPECIFICATION/CLAIM AMENDMENTS 
INCLUDING NOTATIONS TO INDICATE CHANGES MADE 
Serial No.: Unknown (National Stage of PCT/USOO/10672 
Docket No. 235.0027 0101 

Amendments to the following are indicated by underlining what has been added and 
bracketing what has been deleted. Additionally, all amendments have been shaded. 

In The Title 

The title has been amended as follows: 

CYSTEINE PROTEASE AND INHIBITORS FOR PREVENTION AND 



For convenience, all pending claims are shown below. 

1 . An isolated cyst wall cysteine proteinase derived from Taenia solium. 

2. An isolated polynucleotide having a nucleic acid sequence that encodes the proteinase of 
claim L 

3. An isolated polynucleotide that is the complement of the nucleic acid molecule of claim 
2. 

4. (AMENDED) A ^^^^feiprising a cyst wall cysteine proteinase or a polynucleotide 
having a nucleic acid sequence encoding a cyst wall cysteine oroteinas^^ ^^^^^^^^^ 



5. (AMENDED) A methbd'fo? kepanng the vacfcine of claim . 
cyst wall cysteine proteinase or a polynucleotide having a nucleic acid sequence encoding a cyst 




In the Claims 
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6. (AMENDED) A vaccine comprising at least one component selected from the group 
consisting of (a) a polypeptide comprising a cyst wall cysteine proteinase or an immunogenic 
polypeptide subunit thereof and (b) a polynucleotide comprising a nucleotide sequence encoding 
a polypeptide comprising a cyst wall cysteine proteinase or an inamunogenic polypeptide subunit 



thereol 




7. The vaccine of claim 6 wherein die cyst wall cysteine proteinase is derived from T. 
solium or T. crassiceps. 

8. (AMENDED) A method for treating an animal harboring a Taenia infection comprising 
administering to the infected animal the vaccine ol dMnkilcIa^s 7J, wherein 
administration of the vaccine is effective to eliminate the parasite from the animal or to prevent 
or delay the appearance of cysticercosis or neurocysticercosis the animal. 

9. (AMENDED) A method for protecting an animal against a Taenia infection comprising 
administering to an uninfected animal the vaccine of wherein 
administration of the composition is effective to prevent subsequent infection of the animal by 
the parasite or to prevent the development of cysticercosis or neurocysticercosis in the animal 
after subsequent infection by the parasite. 

10. (AMENDED) The method f>f^^^^^H^B wherein the animal is a pig or a human 
and the Taenia infection is a T. solium infection. 

11. A pharmaceutical composition comprising: 

an inhibitor molecule tiiat inhibits the activity of a cyst wall cysteine protease, the 
inhibitor molecule comprising a peptide or peptidomimetic compound; and 
a pharmaceutically acceptable carrier. 
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12. The phamiaceutical composition of claim 1 1 wherein the peptide or peptidomimetic 
compound comprises (Xaa)„-Yaa-Zaa-R; wherein Xaa and Zaa are each independently any 
amino acid; Yaa is a hydrophobic amino acid; R comprises a nucleophilic moiety; and n = 0-5. 

13. The pharmaceutical composition of claim 12 wherein Yaa is leucine. 

14. (AMENDED) The pharmaceutical composition pf fcfei^^^f^fjdac ^ wherein R 
comprises a chemical moiety selected from the group consisting of a carboxylic acid derivative, 
an amide derivative, a benzene derivative, a phenyl derivative, a chloromethylketone or 
derivative thereof, a fluoromethylketone or derivative thereof, an alphaketo acid or derivative 
thereof, a ketoamide or derivative thereof, a ketoester or derivative thereof, a vinylsulfone or 
derivative thereof, and a pyridyl or derivative thereof. 

15. (AMENDED) The pharmaceutical compositioi of ^^^^^Ca^^Pg wherein R 
comprises a fluoromethylketone (FMK). 

16. The pharmaceutical composition of claim 15 wherein the inhibitor molecule is Z-Leu- 
Leu-Leu-FMK or Leu-Leu-Tyr-FMK. 

17. (AMENDED) The pharmaceutical composition of claim 1 l^H wherein the inhibitor 
molecule inhibits cyst wall cysteine proteinase derived from T. solium or T. crassiceps. 

18. (AMENDED) A^phannacemicaldC^p^fio^am^ ^ Z-Leu-I eti-f ..-n-FX/f K or 7-T pn- 
Leu-Tyr-FMK.^^^^«^^^^^j^j^g^|i^^ 
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19. (AMENDED) A method for [Z-Leu-Eeu-Leu-FMK or Z-T.mi-T,ni-T>T-FMK 
claim 18 for use in] ikmuml' luinun ik iiio.. \n1(lok>'>-is comi^nsixig udminis 
sHbiecttbeDharmaceiiticatigomtx>Rition^fclaiffl;l^ 



20. (AMENDED) 




cvsticercosis co mprising adnii nisteri' 



21. (AMENDED) A method for treating hmnan neurocvsticcrcosis^l^'parc^cvgg^co^ 
comprising administering" to aJiimian or'Dorane .subject a p ha nnaceutical composition 
S^lKalag;[!feHSg<?j£i an inhibitor molecule that inhibits the activity of a Taenia cysteine 
protease, the inhibitor molecule comprising a peptide or peptidomimetic compound] 



22. (AMENDED) The paeth»3K^c^^^;^gg>,inhLbitorjmolefiul6 acjcordinm claim 21 wherein 
the peptide or peptidomimetic compound comprises (Xaa^-Yaa-Zaa-R; wherein Xaa and Zaa are 
each independently any amino acid; Yaa is a hydrophobic amino acid; R comprises a 
nucleophilic moiety; and n = 0-5. 

23. (AMENDED) The gje^^fos^^g^^^PtiS^j^E^^ ^laim 22 wherein 
Yaa is leucine. 



24. (AMENDED) The| 

HH wherein R comprises a chemical moiety selected from the group consisting of a 
carboxylic acid derivative, an amide derivative, a benzene derivative, a phenyl derivative, a 
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chloromethylketone or derivative thereof, a fluoromethylketone or derivative thereof, an 
alphaketo acid or derivative thereof, a ketoamide or derivative thereof, a ketoester or derivative 
thereof, a vinylsulfone or derivative thereof, and a pyridyl or derivative thereof. 

25. (AMENDED) The j^Mi ^f^^^^PMP^P^MIIM ii i ^MH Ii^ 
f 4 ■Hi wherein R comprises a fluoromethylketone (FMK). 

m 

j.SJ 26. A method for inhibiting rama cyst wall cysteine protease activity comprising contacting 
|5| a Taenia cyst wall cysteine protease with an inhibitor molecule comprising (Xaa)„-Yaa-Zaa-R; 

wherein Xaa and Zaa are each any amino acid; Yaa is a hydrophobic amino acid; R comprises a 
IS nucleophilic moiety; and n is 0 to about 5. 

: 27. The method of claim 26 wherein Yaa is leucine. 

28. (AMENDED) The method oi claiinr^ lclsams-26 or-271 wherein R comprises a chemical 
moiety selected from the group consisting of a carboxylic acid derivative, an amide derivative, a 
benzene derivative, a phenyl derivative, a chloromethylketone or derivative thereof, a 
fluoromethylketone or derivative thereof, an alphaketo acid or derivative thereof, a ketoamide or 
derivative thereof, a ketoester or derivative thereof, a vinylsulfone or derivative thereof, and a 
pyridyl or derivative thereof. 

29. (AMENDED) The method of claim 26^1 wherein R comprises a fluoromethylketone 
(FMK). 



30. The method of claim 29 wherein the inhibitor molecule is Z-Leu-Leu-Leu-FMK or Z- 
Leu-Leu-Tyr-FMK. 



Appendix A PageA-6 

Applicant(s): Salman Baig et al. 

Serial No. Unknown (National Stage of PCT/USOO/10672) 
Filed: Herewith (Intl Filing Date: April 20, 2000) 

For: CYSTEINE PROTEASE AND INHIBITORS FOR PREVENTION AND TREATMENT OF 
NEUROCYSTICERCOSIS 



31. (AMENDED) The method of claim performed in cell free environment. 

32. (AMENDED) The method of claim 2 ^B! performed in cell culture, in an organ, or in a 
tissue. 

33. (AMENDED) The method of claim 2^H| performed in a whole animal. 

34. (AMENDED) The method of claim 26H| wherein the Taenia cysteine proteinase is 
derived from T. solium. 

35. A method for identifying an inhibitor of Taenia cysteine proteinase activity comprising: 
combining a candidate inhibitor and a Taenia cysteine proteinase to form a mixture; 
adding the proteinase substrate Z-Phe-Arg-7-amino-4-trifluoromethlycoumarin to the 

mixture; and 

determining the extent to which the proteinase substrate is cleaved; 
wherein a reduction in the extent of substrate cleavage compared to the extent of substrate 
cleavage in the absence of the candidate inhibitor is indicative of inhibition of Taenia cysteine 
proteinase activity. 

36. The method of claim 35 comprising combining a candidate inhibitor and a cysteine 
protease derived from T solium or T crassiceps to form the mixture. 

37. A computer-assisted method for identifying an inhibitor of Taenia cysteine proteinase 
activity comprising: 

supplying a computer model of the structure of an inhibitor of Taenia cysteine proteinase 
activity; 
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either (i) computationally or visually screening a structural library for candidate 
compounds having a structure similar to that of the inhibitor or (ii) computationally or visually 
designing a candidate compound having a structure similar to that of the inhibitor; and 

assaying the candidate compound for the ability to inhibit Taenia cysteine proteinase 
activity. 

38. A computer-assisted method for identifying an inhibitor of Taenia cysteine proteinase 
activity comprising: 

solving the X-ray crystal structure of a Taenia cysteine proteinase to yield a computer 
model of the Taenia cysteine proteinase; 

supplying a computer model of the structure of an inhibitor of Taenia cysteine proteinase 
activity; 

computationally or visually docking the inhibitor structure to the proteinase crystal 
structure at the binding site of the inhibitor; 

computationally or visually identifying intermolecular interactions between the inhibitor 
and the proteinase; 

either(i) computationally or visually screening a structural library for candidate 
compounds having a structure similar to that of the inhibitor or (ii) computationally or visually 
designing a candidate compound having a structure similar to that of the inhibitor; 

computationally or visually evaluating the intermolecular interactions between the 
candidate compound and the proteinase; and 

assaying the candidate compound for the ability to inhibit Taenia cysteine proteinase 
activity. 



39. (AMENDED) The method of ^^^d^^^^ wherein the inhibitor is Z-Leu- 
Leu-Leu-FMK or Z-Leu-Leu-Tyr-FMK. 
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40. A method for treating an animal harboring a Taenia infection comprising administering 
to the infected animal a pharmaceutical composition comprising an inhibitor of a Taenia cysteine 
proteinase, wherein administration of the composition is effective to ehminate the parasite from 
the animal or to prevent or delay the appearance of cysticercosis or neurocysticercosis the 



41. A method for protecting an animal against a Taenia infection comprising administering 
to an uninfected animal a pharmaceutical composition comprising an inhibitor of a Taenia 
cysteine proteinase, wherein administration of the composition is effective to prevent subsequent 
infection of the animal by the parasite or to prevent the development of cysticercosis or 
neurocysticercosis the animal after subsequent infection by the parasite. 

42. (AMENDED) The method of|^^^^^^^gg wherein inhibitor is Z-Leu-Leu- 
Leu-FMK or Z-Leu-Leu- Tyr-FMK. 

43. (AMENDED) The method "f ^M^^ ^^MW^^B wherein the animal is a pig or 
a human and the Taenia infection is a T. solium infection. 

44. (NEW) The method of claim 9 wherein the animal is a pig or a human and the Taenia 
infection is a T. solium infection. 

45. (NEW) The method of claim 38 wherein the inhibitor is Z-Leu-Leu-Leu-FMK or Z-Leu- 
Leu-Tyr-FMK. 



46. (NEW) The method of claim 41 wherein inhibitor is Z-Leu-Leu-Leu-FMK or Z-Leu-Leu- 
Tyr-FMK. 
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47. (NEW) The method of claim 41 wherein the animal is a pig or a human and the Taenia 
infection is a T. solium infection. 



48. (NEW) The method of claim 42 wherein the animal is a pig or a human and the Taenia 
mfection is a T. solium infection. 
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CYSTEINE PROTEASE AND INHIBITORS FOR PREVENTION AND 
TREATMENT OF NEUROCYSTICEROCOSIS 



This application claims the benefit of U.S. Provisional Application S^al 
No. 60/130338, ffled April 21, 1999, which is incorporated herein by reference 
in its entirety. 

Statement of Government Rights 
This invention was made with govOToment support tinder a grant from 
the US/Mexico Foundation, Grant No. 42-H-94, and the N.I.H. Molecular 
Parasitology Training Grant For Cell Biology of Parasites and Vectors, Grant 
No. AI07322. The U.S. Government may have certain rights in tiiis invention. 

Background 

Neurocysticercosis is one of the most common parasitic disease of the 
human central nervous system and the leading cause of epileptiform seizures in 
many parts of the Third World. Presently, no completely efiBcacious treatments 
nor vaccines for neurocystercercosis exist (Garcia et al., J. Infec. Pis . 175:486- 
489 (1997)). Caused by cysts of the pork tapeworm. Taenia solium, the disease 
is estimated to affect 50 million people worldwide, although some 
epidemiological studies suggest that this figure may be underestimated. It is the 
most likely reason that epilepsy is twice as common in developing as opposed to 
developed countries of the world. Some symptoms ^sociated with 
neurocysticercosis include seizures, headaches, visual problems, confusion, and 
psychosis. However, there is a prepatant asymptomatic period which can last for 
1 0 years or more, and usually approximates the life expectancy of the tissue 
cysts. Evidence suggests that tissue cysts suppress host inflamm^ory responses 
to complete their life cycles, vdiereas clinical symptoms emerge during the 
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interval between cyst degeneration and death (Evans et al., Rmerp. Tnfect nk 
3:403-405(1997)). 

With the increase in immigration, cysticercosis is an emerging infectious 
disease in the United States. The number of neurocystercercosis cases in the 
5 U.S. is estimated to be greater than 1 000 per year , and this number appears to be 
on the rise. For example, 10% of neurology admissions at Lx>s Angeles County 
use Medical Center in the past three years were for neurocysticercosis, which 
amounted to about 120 cases/year. Surely, the underlying rate of infection is 
hi^er. Locally acquned cases have also been documented in Denver, San 

10 Diego, New Yo± City, Chicago, and other unexpected locations. For example, 
1 .3% of an orthodox New York Jewish community were found to test positive 
for neurocystercercosis. Although orthodox Jews would not be expected to be at 
risk for infection because they shun pork, they were reported to have been 
infected through contamination from their immigrant Latino domestic helpers 

15 who were Taeniasic (tapeworm carriers). Four million people worldwide are 
reportedly infected with Taeniasis, harboring the adult tapeworm stage of T. 
solium. For every one of these victims, it is estimated that 1 0 or more people are 
infected with the cyst stage, i.e., are cysticercotic. In areas of high endemicity, 
almost anyone is at risk for neurocystercercosis, since the eggs can pervade the 

20 environment. 

Humans are the only defuiitive host for the adult pork tapeworm, which 
remains in the intestine attached with its scolex. Humans acqmre 
neurocystercercosis when they become accidental intermediate hosts to the cyst 
form of the parasite, commonly acquiring eggs through human fecal 

25 contamination or by direct contact with a tapeworm carrier. Pigs are the normal 
intermediate hosts. In humans, the cysts tend to localize more in the central 
nervous system, hence the prevalence of neurocystercercosis. 

The International Task Force for Disease Eradication has identified 
neurocystercercosis as a target for eradication efforts since T. solium has only 

30 two hosts: humans and pigs. Although good porcine husbandry has met with 
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some success in interrupting transmission of T. solium in westem Europe and the 
U.S., these approaches are doomed to failure in developing countries since poor 
farmers often prefer to sell infected pigs in an informal setting, rather than 
turning them over for possible condemnation. Some people are reported to 
5 actually prefer cysticercotic ("measly") poric to eat. 

To date, no vaccines have been developed for any human parasites, 
including T. solium. Recent research has indicated that mass chemotherapy 
approaches are more promising and practical for the purposes of 
neurocystercercosis eradication. For example, an initial mass treatment with 

10 Praziquantel(TM) in Ecuador caused porcine cysticercosis to fall from 1 1 .4 to 
2.6%. Present treatment for active parenchymal neurocystercercosis commonly 
employs the antiparasitic compounds Praziquantel, Albendazole(TM), or a 
combination of both. A slight effect toward cyst resolution has been noted in 
patients who were treated with Pra2aquantel followed by subsequent treatment 

15 with Albendazole. However, some patients presented with worsening 
inflammatory reactions around the cysts with symptoms including nausea, 
vomiting, and headache; some patients developed cerebral edema. While some 
reports have shown that these drugs have demonstrated control of seizures in 
neurocysticercosis patients, it is not clear if these findings were a result of 

20 therapy or a result of patient selection bias. Consequently, the risks of 
developing acute inflammation, cerebral edema, and possibly chronic 
hydrocephalus associated with these agents is of significant concern. Although 
some studies suggest that Albendazole may be more effective than Praziquantel, 
it has also been linked to hematopoietic and hepatic dysfiinction and may be 

25 teratogenic/mutagenic. Carpio and colleagues conducted the largest single 

randomized and blinded trial treatment of neurocystercercosis with Albendazole 
and Praziquantel, reported to date, and conclude that any benefits appear to be 
related to the natural course of the infection rather than any specific effect of 
drug treatment ( Arch. Int. Med .. 155: 1982-1988 (1995)). There appear to be no 

30 antiparasitic dnigs that have been developed exclusively for treatment of 
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neurocystercercosis. Clearly, there is a need for a more efficacious and specific 
anti-neurocysteicercosis drug, possibly to be optimized to work as an adjunct to 
existing therapies. 

5 Summary nf the Invention 

A cyst wall cysteine proteinase has been discovered in the parasite T. 
solium that appears to play a significant biological role in the organian. The 
invention is thus directed to the T. solium cyst wall cysteine proteinase and a 

10 polynucleotide having a nucleotide sequence tiiat encodes the cysteine proteinase 
(and its complement). The invention is finther directed to a vaccine that 
includes either or both of a cyst wall cysteine proteinase (or an immunogenic 
polypeptide subunit thereof) or a polynucleotide having a nucleotide sequence 
encoding a cyst wall cysteine proteinase (or an immunogenic polypeptide 

15 subunit thereof). The cyst wall cysteine proteinase used in the vaccine is 
preferably derived from T. solium or T. crassiceps. Also included in the 
invention are methods of preparing and using the vaccine. 

Inhibitors of the activity of cyst wall cysteine proteinase have also been 
discovered. The invention is thus also directed to a pharmaceutical composition 

20 that includes an inhibitor molecule that inhibits the activity of a cyst wall 
cysteine protease, together with a pharmaceiitically acceptable carrier. The 
inhibitor molecule is preferably a peptide or peptidomimetic compound, and 
preferably inhibits cyst wall cysteine proteinase derived from T. solium or T, 
crassiceps. In a preferred embodunent, the inhibitor peptide or peptidomimetic 

25 compound includes (Xaa)n-Yaa-Zaa-R; wherein Xaa and Zaa are each 

independently any amino acid; Yaa is ahydrophobic amino acid; R comprises a 
nucleophilic moiety; and n = 0-5. More preferably, tiie inhibitor peptide or 
peptidomimetic compound contaim a blocldnggroiq) at the N-terminus. The 
pharmaceutical composition is useful for treating human neurocysticercosis or 

30 porcine cysticercosis. Methods of preparing and using the inhibitory compound 
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and the pharmaceutical composition are also included in the invention. For 
example, the invention includes a method for inhibiting cyst wall cysteine 
proteinase activity that involves contacting a cyst wall cysteine proteinase with 
an inhibitor molecule. Themethodof inhibiting cyst wall cysteine proteinase 
5 can be performed in cell firee envuronment, in cell culture, in an oi^an, in a 
tissue, or in a whole animal, such as a human or a pig. 

Also included in the invention is a method for identifying an inhibitor of 
Taenia cysteine proteinase activity. A candidate inhibitor is combined with a 
Taenia cysteiiie proteinase to form a mixture. The proteinase substrate Z-Phe- 

10 Arg-7-amino-4-trifluorometWycoumarin is then added to the rnixture, and the 
extent to which the proteinase substrate is cleaved is determined. It should be 
understood that the components of the mixture can be added simultaneously or 
in any desired order. A reduction the extent of substrate cleavage compared to 
the extent of substrate cleavage in the absence of the candidate inhibitor is 

15 indicative of inhibition of Taenia cysteme proteinase activity. 

The invention also includes a computer-assisted method for identifying 
an inhibitor of Taenia cysteine proteinase activity. In one embodiment, a 
computer model of the structure of an inhibitor of Taenia cysteine proteinase 
activity is supplied, then a structural library computationally or visually screened 

20 for candidate compounds having a structure similar to that of the inhibitor. 
Alternatively, a candidate compound having a structure similar to that of the 
inhibitor can be designed. Optionally, the candidate compound is for the ability 
to inhibit Taenia cysteine proteinase activity. In another embodiment of the 
computer-assisted method of drug design, the X-ray crystal structure of a Taenia 

25 cysteine proteinase is solved to yield a computer model of the Taenia cysteine 
proteinase, and a model of an inhibitor molecule is computationally or visually 
docked to the proteinase crystal structure at the binding site of the inhibitor. 
Intermoiecular interactions between the inhibitor and the proteinase are then 
computationally or visually identified, and either a structural library is 

30 computationally or visually screened for candidate compounds having a structure 
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similar to that of the inhibitor or a candidate compoiind is computationally 
designed. Then, the intermolecnlar interactions between the candidate 
compound and the proteinase are computationally or visually evaluated, and the 
candidate compoimd is optionally assayed for the ability to inhibit Taenia 
5 cysteine proteinase activity. 

Brief Description of the Figures 

Figure 1 shows (a) 30 amino acid N-terminal sequence of T. crassiceps 
cysteine protease"(SEQ ID N0:1); and (b) alignment of catalytic cysteine residue 
10 (*) with other cysteine proteases. 

Figure 2 is a comparison of FPLC anion-exchange chromatography of 
active ftactions from ACA 54 gel-filtration separations of a) T. crassiceps 
(Example I) and b) T. solium (Example II). 

Figure 3 shows substrate specificity of the purified a) T. crassiceps 
15 (Example I) and b) T. soUiwi (Example II) cysteine proteases assessed through 
cleavage of a panel of peptide substrates with different substitutions at P 1 -P3 . 

Figure 4 is Western blot showing degradation of IgG heavy chain by 
cysteine proteases of a) T. crassiceps (Example I) and b) T. solium (Example II). 
Figure 5 shows stimulation of splenocytes removed from 71 crassiceps 
20 infected mice by the purified T. solium enzyme. 

Figure 6 shows inhibition of T. solium cysteine protease's cleavage of its 
primary substrate, Z-Phe-Arg-AFC, by various inhibitors. 

Figure 7 shows scanning electron microscopy (SEM) of surface of cysts 
removed from mice treated with Taenia cysteine protease inhibitor and control 
25 mice. Magnifications are identical for both sides in each panel. Panel A 

(4000x): SEM shows a vigorous host immune response on cysts treated with Z- 
LLY-FMK. No immune cells were seen on cysts removed from untreated mice. 
Panel B (25,000x): SEM results show fibroblasts, holes in the tegument, and 
sloughed microtriches in cysts from treated mice. Microtriches in untreated 
30 cysts can be seen to be visibly longer. Visible anchors are were also noted for the 
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untreated cyst group whereas these anchors were not observed in microtriches 
from treated cysts. 

FigureSshows in vitro cytotoxicity analysis of Z-LLL-FMK and Z- 
LLY-FMK inhibitors. 



Detailed Description of the Invention 

A cysteine proteinase that is capable of degrading host proteins, 
includii^ human IgG, has been discovered in the cyst wall of the human parasite 

10 T. solium. Taenia cyst wall cysteine proteinases are significant to the life cycle 
of the parasite, thereby presenting important chotnothersqjeutic targets. Cyst 
wall cysteine proteinases of T. solium and T. crassiceps (the mouse parasite) are 
biochemically similar, and inhibitor molecules have been discovered that 
specifically inhibit the activity of both these enzymes. Inhibitors of T. solium 

15 and T. crassiceps cysteine proteinase are useful to treat or prevent infection of 
anima l hosts, including humans. 

Accordingly, the present invention is directed to a proteinase, preferably 
an isolated cyst wall cysteine proteinase, derived from Taenia solium, wiiich 
proteinase is capable of cleaving the substrate Z-Phe-Arg-7-amino-4- 

20 trifluoTometiiylcoumarin (Z-Phe-Arg-AFC; where Z is the blocking group CH5- 
CH2-0-(C=0)- which is also known as "CBZ"). Z-Phe-Arg-AFC is 
conmiercially available from Enzyme Systems Products, Livennore CA, 94550. 
A protein, such as a proteinase, that is ''derived from" T. solium^ as that term is 
used herein, is to be broadly xmderstood to include not only a protein that is 

25 physically isolated from T. solium, but also a protein having the same activity 
and, optionally, the same amino acid sequence as a protein thus isolated which is 
produced or obtaiaed in any other manner, such as by means of chemical 
synthesis or recombinant DNA technology. Likewise, the term 'T. solium 
protein" is to be understood to include a protein isolated from T. solium, together 

30 with synthetic or recombinant functional equivalents thereof. The terms 



"proteinase" and "protease" are used interchangeably herein, and mean an 
enzyme capable of cleaving a protein at a bond, typically a peptide bond, that 
joins together two amino acids. 

Preferably, the proteinase of the invention has one or more of the 
following characteristics: 

(1) it is C£^able of rapidly and completely degrading the heavy and light 
chains of human IgG (for example, a nonlimiting amount of cysteine proteinase 
can completely degrade 1 ug of human IgG within about 120 minutes, preferably 
within about 45 minutes, as detected using a Western blot); 

(2) it has a molecular weight of about 43 kD to about 65 kD; 

(3) optimal proteinase activity occurs at acidic pH, about pH 4.8; 

(4) it is thiol-activated; that is, it requires exogenous thiol groups, such 
as L-cysteine, for activity; 

(5) the ratio Kcat/Km using Z-Phe-Arg-AFC as a substrate is essentially 
at the diffusion control limit (preferably greater than about 10* M"*s"^ 

(6) it has only one substrate binding site; 

(7) it obeys MichaeUs-Menten kinetics; that is, it is noncooperative; 

(8) it is inhibited by cysteine proteinase inhibitors, but is not inhibited to 
the same extent by inhibitors of other types of proteases; and 

The proteolytic activity of the newly identified proteLoase of the human 
parasite, T. solium, appears to be essentially undistinguishable from the 
demonstrated activity of the analogous protein of the mouse parasite, T. 
crassiceps (White et al., J. Mol. Biochem. Parasitol .. 85:243-253 (1997). 

The invention is fiirther directed to an isolated nucleic acid molecule 
comprising a nucleic acid sequence that encodes a proteinase of the invention. 
The complement of such a nucleic acid molecule is also encompassed by the 
invention. 

An "isolated" biomolecule, such as a polypeptide or polynucleotide, is a 
biomolecule that has been either removed from its natural environment, 
produced using recombinant techniques, or chemically or enzymatically 



wo 00/63350 



PCT/USOO/10672 



9 

synthesized. Preferably, a biomolecule of this invention is purified, i.e., 
essentially free from any other biomolecules and associated cellular products or 
other impurities. The terms "polypeptide" or "polypeptide subunit," as used 
herein, refer to a polymer of amino acids and do not comiote a specific length of 

5 a polymer of amino acids. Thus, for example, the terms peptide, oligopeptide, 
protein, and enzyme are included within the definition of polypeptide, whether 
produced using recombinant techniques, chemical or enzymatic synthesis, or 
naturally occurring. This term also includes polj^ieptides that have been 
modified or derivatized, such as by glycosylation, acetylation, phosphorylation, 

10 and the like. 

The present invention is fijrther directed to an inhibitor of a cyst wall 
cysteine proteinase. The inhibitor molecule inhibits the activity of a cyst wall 
cysteine proteinase, preferably a Taenia cyst wall cysteine protease, more 
preferably a T. solium or T. crassiceps cyst wall cysteine proteinase. An 

15 inhibitor molecule is preferably a peptide (i.e., a molecule that contains two or 
amino acids or derivatized amino acids linked by a peptide bond) or a 
peptidometic compound, although it can contain one amino acid or derivatized 
amino acid. A "peptidomimetic" compound is a compound that fimctionally 
and/or structurally mimics a peptide, but that lacks one or more of the peptide 

20 bonds that characterize the peptide. Peptidomimetic compounds therefore not 
typically do not serve as substrate for proteases and are likely to be active in vivo 
for a longer period of time as compared to the analogous peptides. Unless 
otherwise specified, the term "peptide" when used herein in the context of an 
inhibitor peptide or inhibitor molecule includes peptides and peptidomimetic 

25 compounds. 

In one preferred embodiment, the inhibitor molecvile contains, covalently 
linked to its C-terminus, a nucleophiiic chemical moiety. The nature of the 
nucleophile is not limiting and can include a carboxylic acid derivative, an amide 
derivative, a benzene ring derivative, a phenyl derivative, a pyridyl derivative, 
30 and the like. Suitable nucleophiiic moieties include but are not limited to a 
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chloromethylketone (CMK), a fluoromethylketone (FMK), an alphaketo acid 
(AK), a ketoamide (KA), a ketoester (KE), a vinylsulfone (VS), a pyridyl group 
(Pyr), or any combination thereof. A preferred nucleophilic moiety is a 
fluoromethylketone (FMK). Preferably the nucleophiUc moiety is also 
5 hydrophobic, thereby assisting the inhibitor molecule in crossing the blood-brain 
barrier. Additionally or alternatively, a preferred inhibitor peptide contains, at 
the P2 position (P2 being the second amino acid position, counted from the C- 
terminus), a hydrophobic amino acid, preferably an aliphatic hydrophobic amino 
acid, more preferably a leucine. In a preferred embodiment, a tyrosine or leucine 

10 is at the PI position of the peptide; and/or leucine is at tiie P3 position, although 
it should be understood that any amino acids are well tolerated at the PI and P3 
positions. Particularly preferred inhibitor peptides include Xaan-Leu-Tyr-FMK 
and Xaan-Leu-Leu-FMK where n = 0-5; more preferably, n - 0-2, for example 
Z-Leu-Leu-Tyr-Fluoromethylketone (Z-LL Y-FMK) and Z-Leu-Leu-Leu- 

15 Fluoromethylketone (Z-LLL-FMK), commercially available from En2yme 
System Products, Livermore, CA. Other preferred inhibitor peptides include 
(Ph)2CHCO-Leu-Phe-CO-NHCH2-2-Pyridyl (Ph2-LF-KP); Z-Leu-Phe-CONH- 
Ethyl (Z-LF-KE); Z-Leu-Phe-CONH-4-Morphophinyl (Z-LF-KM); Z-Leu-Phe- 
CH2-CH(OH)-C6H4-(4-OPh)(Z-LF-BPh);Boc-Leu-Phe-Vinylsulfone-Phenyl 

20 (B-LF-VS); and Z-Leu-Leu-Leu-Vinylsulfone-Phenyl (Z-LLL-VS). 

The N-terminus of an inhibitor peptide or peptidotnimetic of the 
invention is preferably derivatized. For example, it can be covalently linked to a 
blocking group, such as "Z" (CH5-CH2-0-(C=0)- which is also known as 
"CBZ") or "Boc" (t-butoxy). N-terminal blocking groups are well known in the 

25 art of synthetic organic chemistry and peptide synthesis. 

The invention ftirther provides methods for treating or preventing 
infection of an animal by Taenia. Preferably, the animal is a cow, a dog, a pig or 
a human. More preferably, the animal is a pig or a human and the method is 
effective for treating and preventing a T. solium infection. In one aspect, a 

30 pharmaceutical composition containing an inhibitor molecule of the invention is 
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administered therapeutically to an animal harboring a Taenia infection. In one 
embodiment of the ther^eutic method, administration of the inhibitor molecule 
is effective to eliminate the parasite from the animal; in another embodiment, 
administration of the inhibitor molecule is effective to prevent or delay the 
5 appearance of cysticercosis or neurocysticercosis in the animal. In another 
aspect, a pharmaceutical composition containing an inhibitor molecule of the 
invention is administered prophylactically to an animal in advance of infection 
by the parasite. In one embodiment of the prophylactic method, administration 
of the inhibitor molecule is effective to prevent subsequent infection of the 

10 animal by the parasite. In another embodiment of the prophylactic mettiod, 
administration of the inhibitor molecule is effective to prevent or delay the 
development of cysticercosis or neurocysticercosis in the animal ailer 
subsequent infection by the parasite. In yet another embodiment of the 
prophylactic method, administration of the inhibitor molecule is effective to 

1 5 prevent the death of the animal after subsequent infection by the parasite. 

Both veterinary and human applications are contemplated, as the 
inhibitor molecule is expected to inhibit the activity of cyst v^^all cysteine 
protease derived from various species of Taenia, including T. solium and T. 
crassiceps. Veterinary applications include prophylactic and therapeutic 

20 treatment of domestic animals, which may also control the spread of infection 
mto human populations. Preferably, the method of the invention comprises 
administration to a pig or human that is infected with Taenia or at risk of Taenia 
infection. In humans, the mhibitor is preferably introduced into the bloodstream, 
for example by intravenous injection or by ingestion. In pigs, the inhibitor is 

25 preferably administered in feed as a prophylactic or therapeutic agent against 
porcine cysticercosis, with the ultimate goal of interrupting the life cycle of 
Taenia at the porcine stage. Such a strategy could conceivably lead to the 
ultimate eradication of human neurocysticercosis. 

Example V describes the use of inhibitor peptides of the invention to 

30 treat cysticercosis in the murine model of Taenia infection. These studies show 
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some of the highest reported protection levels in mice challenged with cysticerci, 
and the inhibitors were highly efficacious at low concentration levels. 
Moreover, mice which were treated with the inhibitor displayed no apparent 
toxicity effects upon visual examination. The results of these mouse studies 
5 strongly suggest that the inhibitor peptides are specific for a cyst wall cysteine 
protease v^^ch is present only in the parasite Taenia. In other words, the 
inhibitor peptide is not expected to significantly interfere with the activity of 
proteolj^ic enzymes in a mammalian host, such as a pig or a human. 
Accordingly, treatment of an infected anunal with the inhibitor molecule of the 

10 invention is expected to be more specific than present treatments for 
neurocysticercosis, which include administration of Praziquantel and 
Albendazole. Both of these drugs were discovered by drug screening 
approaches and not by an approach directed toward inhibition of a particular 
Taenia enzyme activity, as in the present invention. Both drugs are not very 

15 effective and are accompanied by significant side effects in hosts. 

The inhibitor molecules of file invention are readily formulated as 
pharmaceutical compositions for veterinary or human use. The pharmaceutical 
composition optionally includes excipients or diluents that are pharmaceuticdly 
acceptable as carriers and compatible with the inhibitor molecule. The term 

20 "pharmaceutically acceptable carrier" refers to a carrier(s) that is "acceptable" in 
the sense of being compatible with the other ingredients of a composition and 
not deleterious to the recipient thereof Suitable excipients are, for example, 
water, saline, dextrose, glycerol, efiianol, or the like and combinations thereof 
In addition, if desired, the pharmaceutical composition may contain minor 

25 amoimts of auxiliary substances such as wetting or emulsifying agents, pH 

buffering agents, salts, and/or adjuvants which enhance tiie effectiveness of the 
immune-stimulating composition. In a preferred embodiment, the 
pharmaceutical composition is formulated so as to allow or enhance transmission 
of the inhibitor molecule across the blood/brain barrier in humans. Methods of 
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making and using such phannaceutical compositions are also included in the 
invention. 

The inhibitor molecules can be formulated in unit dosage form and may 
be prepared by any of the methods well known in tiie art of pharmacy. All 

5 methods include the step of bringing the active compound into association with a 
carrier which constitutes one or more accessory ingredients. In general, the 
formulations are prepared by uniformly and intimately bringing the active 
compoimd into association with a liquid carrier, a finely divided solid carrier, or 
both, and then, if necessary, shying tiie product into the desired formulations. 

10 Formulations of the present invention suitable for oral administration 

may be presented as discrete units such as tablets, troches, capsules, lozenges, 
wafers, or cachets, each containing a predetermined amount of the inhibitor as a 
powder or granules, as liposomes containing the inhibitor, or as a solution or 
suspension in an aqueous liquor or non-aqueous liquid such as a syrup, an elixir, 

IS an emulsion or a drai^t. Such compositions and preparations should contain at 
least about 0.1% active compound. The percentage of the compositions and 
preparations may be varied and may conveniently be between about 1% to about 
60% of the weight of a given unit dosage form. 

Tablets, troches, pills, capsules, and the like may also contain one or 

20 more of the following: a binder such as gum tragacanth, acacia, com starch or 
gelatin; an excipient such as dicalcium phosphate; a disintegrating agent such as 
com starch, potato starch, alginic acid and the like; a lubricant such as 
magnesium stearate; a sweetening agent such as sucrose, finctose, lactose or 
aspartame; and a natural or artificial flavoring agent. When the unit dosage form 

25 is a capsule, it may fiirther contain a liquid carrier, such as a vegetable oil or a 
polyethylene glycol. Various other materials may be present as coatings or to 
otherwise modify the physical form of the solid imit dosage form. For instance, 
tablets, pills, or capsules may be coated with gelatm, wax, shellac, or sugar and 
the like. A syrup or elixir may contain one or more of a sweetening agent, a 

30 preservative such as methyl- or propylparaben, an agent to retard crystallization 
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of the sugar, an agent to increase the solubility of any other ingredient, such as a 
polyhydric alcohol, for example glycerol or sorbitol, a dye, and flavoring agent. 
Hie material used in preparing any unit dosage form is substantially nontoxic in 
the amounts employed. The inhibitor may be incorporated into sustained-release 
5 preparations and devices. 

The inhibitors of the invention can be incorporated directly into the food 
of the animal's diet, as an additive, supplement, or the like. Thus, the invention 
further provides a food product containing an inhibitor of the invention. Any 
food is suitable for this purpose, although processed foods already in use as 

10 sources of nutritional supplementation or fortification, such as animal feeds, 
breads, cereals, and the like, may be more convenient to use for this purpose. 

Formulations suitable for parenteral administration conveniently 
comprise a sterile aqueous preparation of the inhibitor, or dispersions of sterile 
powrders comprismg the inhibitor, which are preferably isotonic with the blood 

15 of the recipient. Isotonic agents that can be mcluded m the liquid preparation 
mclude sugars, buffers, and sodium chloride. Solutions of the inhibitor can be 
prepared in water, optionally mixed with a nontoxic surfactant- Dispersions of 
the inhibitor can be prepared in water, ethanol, a polyol (such as glycerol, 
propylene glycol, liquid polyethylene glycols, and the like), vegetable oils, 

20 glycerol esters, and mixtures thereof The ultimate dosage fomi is sterile, fluid 
and stable under the conditions of manufacture and storage. The necessary 
fluidity can be achieved, for example, by using liposomes, by employmg the 
appropriate particle size in the case of dispersions, or by using surfactants. 
Sterilization of a liquid preparation can be achieved by any convenient method 

25 that preserves the activity of the inhibitor, preferably by filter sterilization. 
Preferred methods for preparing powders include vacuum drying and fi:eeze 
drying of the sterile injectible solutions. Subsequent microbial contamination 
can be prevented using various antimicrobial agents, for example, antibacterial, 
antiviral and antifimgal agents including parabens, chlorobutanol, phenol, sorbic 

30 acid, liiimerosal, and the like. Delivery of the inhibitors over a prolonged period 
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can be achieved by including agents for delaying, for example, aluminum 
monostearate and gelatin. 

Nasal spray formulations comprise purified aqueous solutions of the 
inhibitor with preservative agents and isotonic agents. Such formulations are 
5 prefarably adjusted to a pH and isotonic state compatible with the nasal mucous 
membranes. 

Formulations for rectal or vaginal administration may be presented as a 
suppository with a suitable carrier such as cocoa butter, or hydrogenated fats or 
hydrogenated fatty carboxylic acids. 
10 Ophthalmic formulations are prepared by a similar method to the nasal 

spray, except that the pH and isotonic factors are preferably adjusted to match 
that of the eye. 

Topical formulations comprise the inhibitor dissolved or suspended in 

one or more media such as mineral oil, petroleum, polyhydroxy alcohols or other 
1 5 bases used for topical pharmaceutical formulations. The compound of the 

invention is particularly suited to incorporation in a cosmetic lotion, creme, or 

sunscreen for use on the skin. 

Useful dosses of the inhibitor molecule of the invention can be 

determined by comparing their in vitro activity and the in vivo activity in animals 
20 models. Mettiodsfor extrapolation of effective dosages of drugs in mice, and 

other animals, to humans are known in the art; for example, see U.S. Pat No. 

4,938,949, which is incorporated herein by reference, in its entirety. 

It is expected that the inhibitor molecule of the invention will be superior 

to Praziquantel and Albendazole for treatment of neurocysticercosis as a result of 
25 its high eflficacy and apparent specificity, which may lead to the effective use of 

lower drug dosages compared to those used for Praziquantel and Albendazole. 

In some applications, a treatment protocol may include administration of a 

combination of Praziquantel, Albendazole and/or an inhibitor molecule of the 

invention. 
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It should be understood that an inhibitor molecule of the invention may 
be efifective to treat other parasitic infections, if the active site of the cyst wall 
cysteine proteinase is conserved among other metabolically important enzymes 
in other parasites. 

5 The invention additionally provides a method for identifyittg an inhibitor 

of cyst wall cysteine proteinase activity. A candidate inhibitor is combined with 
a cyst wall cysteine proteinase derived from Taenia^ preferably T. solium or T. 
cmss-zcepi, to form a mixture. A detectable substrate for the proteinase, 
preferably the fluorogenic molecule Z-Phe-Arg-AFC, is then added to the 
10 mixture. After a period of time and under conditions sufficient to allow for 
cleavage, as described more fully hereinbelow, it is determined whether or not 
the substrate is cleaved. The absence of cleavage, i.e., recovery of intact 
substrate, identifies a promising inhibitor of cyst wall cysteine proteinase 
activity. 

1 5 The three-dimensional conformations of the inhibitor peptides Z-LL Y- 

FMK, Z-LLL-FMK, Ph2-LF-KP or any of the other inhibitor peptides described 
herein are amenable to computer-enhanced display and manipulation. These 
structures can be computationally constructed from readily accessible peptide 
libraries. It is within the scope of the invention to identify conformational 

20 analogs to Z-LLY-FMK or Z-LLL-FMK, for example, having different 

compositions, using computer-aided rational drug design techniques in common 
use in the field of computational biology. Computer-generated structural 
libraries of peptides and other small molecules are readily available, and can be 
computer-screened for conformational similarity to Z-LLY-FMK, or Z-LLL- 

25 FMK. Optionally, the X-ray crystal structure of a Taenia cysteine proteinase can 
be determined using methods well known in the art, and the coordinates thereof 
can be displayed on a computer. The active site can be idraitified, and potential 
inhibitors can be identified by putative binding to the active site via computer 
modeling teclmiques. Compounds thus identified as structurally similar to 
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Z-LLY-FMK or Z-LLL-FMK, or other compounds identified as potentially 
binding to the active site of tiie proteinase, are then subjected to in vitro testing 
according to the invention to determine whether they inhibit cyst wall cysteine 
jMOteinase activity as described below. The invention is understood to further 

5 include inhibitor molecules identified according the methods of the invention, in 
addition to the methods of identifying them. 

The invention further provides a vaccine that is effective to treat or 
prevent infection of an animal by a cyst-forming parasite, such as Taenia. The 
vaccine can be a polypeptide vaccine or a polynucleotide vaccine, and can 

1 0 include one or more immunogenic components. The polynucleotide vaccine 
contains at least one polynucleotide having a nucleotide coding region that 
encodes a cyst wall cysteine proteinase or an immunogenic polypeptide subimit 
thereof. Analogously, a polypeptide vaccine contains at least one cyst wall 
cysteine proteinase or immunogenic polypeptide subunit thereof. An 

15 immunogenic polypeptide subunit of a cyst wall cysteine protease is one that 
elicits in an animal host an antibody-mediated immune response (i.e., a B cell 
response or humoral immunity), a cell-mediated immune response (i.e., a T cell 
response), or a combination thereof The immunogenicity of a cysteine protease 
subunit can be evaluated, for example, using the assays set forth in the 

20 Examples. Optionally, the polypeptide or polynucleotide vaccine inclmies 
additional compounds that stimulate the host's immune system, as further 
described below. The invention should be imderstood as also including methods 
of making and using the polynucleotide and polypeptide vaccines. 

The pol3mucleotide vaccine can contain DNA, RNA, a modified nucleic 

25 acid, or any combination thereof. Preferably, the polynucleotide vaccine 
comprises one or more cloning or expression vectors; more preferably, the 
vaccine comprises one or more expression vectors each capable of autonomous 
expression of a nucleotide coding region in a mammalian cell to produce at least 
one immunogenic polypeptide or cytokine, as further described below. An 

30 expression vector preferably includes a eukaryotic promoter sequence, more 
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preferably the nucleotide sequence of a strong eukaryotic promoter, operably 
linked to one or more coding regions. A promoter is a DNA fragment that acts 
as a regulatory signal and binds RNA polymerase in a cell to initiate 
transcription of a downstream (3' direction) coding sequence; transcription is the 
5 fomiation of an RNA chain in accordance with the genetic infonnation contained 
in the DNA. A promoter is "operably linked" to a nucleic acid sequence if it is 
does, or can be used to, control or regulate transcription of that nucleic acid 
sequence. The invention is not limited by the use of any particular eukaryotic 
promoter, and a wide variety are known; preferably, however, the expression 

10 vector contains a CMV or RSV promoter. The promoter can be, but need not be, 
heterologous with respect to the host cell. The promoter used is preferably a 
constitutive promoter. 

A vector useful in the polynucleotide vaccine of the present invention 
can be circular or linear, single-stranded or double stranded and can be a 

15 plasmid, cosmid, or episome but is preferably a plasmid. In a preferred 
embodiment, each nucleotide coding region (whether it encodes an 
immunogenic polypeptide or a cytokine) is on a separate vector; however, it is to 
be understood that one or more coding regions can be present on a single vector, 
and these coding regions can be under the control of a single or multiple 

20 promoters. 

There are numerous plasmids known to those of ordinary skill in the art 
useful for the production of polynucleotide vaccines. Preferred embodiments of 
the polynucleotide vaccine of the invention employ constructs using the 
plasmids VR1012 (Vical hic, San Diego CA), pCMVI.UBF3/2 (S. Johnston, 

25 University of Texas) or pcDNAB. 1 (InVitrogen Corporation, Carlsbad, CA) as 
the vector. Plasmids VRl 012 and pCMVLUBF3/2 are particularly preferred. In 
addition, the vector construct can contain immunostunulatory sequences (ISS), 
such as unmethylated dCpG motifs, that stimulate the animal's immime system. 
Other possible additions to the polynucleotide vaccine constructs include 

30 nucleotide sequences encoding cytokines, such as granulocyte macrophage 
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colony stimulating factor (GM-CSF), interleukin-12 (IL-12) and co-stimulatory 
molecules such B7-1, B7-2, CD40. The cytokines can be used in various 
combinations to fine-tune the response of the animal's immune system, including 
both antibody and cytotoxic T lymphocyte responses, to bring out the specific 
5 level ofi^ponse needed to control or eliminate the raenia infection. The 
polynucleotide vaccine can also encode a fusion product containing the 
immunogenic polypeptide and a molecule, such as CTLA-4, that directs the 
fusion product to antigen-presenting cells mside the host. Plasmid DNA can 
also be delivered using attenuated bacteria as delivery system, a method that is 

10 suitable for DNA vaccines that are administered orally. Bacteria are transformed 
with an independentiy replicating plasmid, which becomes released into the host 
cell cytoplasm following the death of the attenuated bacterium m the host cell. 
An alternative approach to delivering the polynucleotide to an animal involves 
the use of a viral or bacterial vector. Examples of suitable viral vectors include 

15 adenovirus, polio virus, pox viruses such as vaccinia, canary pox, and fowl pox, 
herpes viruses, including catfish herpes virus, adenovims-associated vector, and 
retrovuuses. Exemplary bacterial vectors include attenuated forms of 
Salmonella, Shigella, Edwardsiella ictaluri. Yersinia ruckerii, and Listeria 
monocytogenes. 

20 The polynucleotide vaccine of the invention can be administered to the 

animal using any convenient method, such as intramuscular injection, topical or 
transdermal application to the animal's skin, or use of a gene gun, wherein 
particles coated with the polynucleotide vaccine are shot into the animal's skin. 
The amount of polynucleotide administered to the animal is affected by the 

25 nature, size and disease state of the animal as well as the delivery method; for 
example, typically less DNA is required for gene gun administration than for 
intramuscular injection. Further, if a polynucleotide encoding a c)rtokrne is co- 
delivered with nucleotide coding regions encoding the immunogenic 
polypeptide, the amount of polynucleotide encoding the immunogenic 

30 polypeptide firom in the vaccine is optionally reduced. 
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Hundreds of publications have now reported the efficacy of DNA 
vaccines in small and large animal models of infectious diseases, cancer and 
autoimmune diseases (J. Donnelly et al.. Rev. Immunol . 15:61 7 (1997)). 
Vaccine dosages for humans can be readily extended firom the murine models by 
5 one skilled in the art of genetic immunization, and a substantial literature on 
genetic immunization of humans is now available to the skilled practitioner. For 
example, Wang et al. ( Science 282:476-480 (1998)) vaccinated humans with 
plasmid DNA encoding a malaria protein, and the same group has developed a 
plan for manufacturing and testing the efficacy of a multigene Plasmodium 

10 falcipanm liver-stage DNA vaccine in humans (Hoffinan et al., Immunol. Cell 
Biol . 75:376 (1997)). In general, the polynucleotide vaccine of the invention is 
administered in dosages that contain the smallest amount of polynucleotide 
necessary for effective iinmuni2ation. It is typically administered to human 
subjects in dosages containing about 20 ng to about 2500 ng plasmid DNA; m 

15 some mstances 500 pg or more of plasmid DNA may be indicated. Typically the 
vaccine is administered in two or more injections at time intervals, for example 
at four week intervals. 

The polypeptide vaccine of the invention, in addition to containing cyst 
wall cysteine proteinase or an immunogenic polypeptide subunit thereof, can 

20 include an adjuvant in order to fimher stimulate the animal's immune system. 
Adjuvants suitable for human and veterinary use are well known in the medical 
arts. Like the polynucleotide vaccine, the polypeptide vaccine can be 
administered to the animal using any convenient method, such as intramuscular 
or intraperitoneal injection, topical administration, oral or intranasal 

25 administration, inhalation, perfusion and the like, as described above for the 
administration of the inhibitor molecule. The amoimt of polypeptide 
administered to the animal is affected by the nature, size and disease state of the 
animal, as well as by the delivery method. Useful dosages of the polypeptide 
vaccine for humans can be readily determined by evaluating its activity in vivo 

30 activity in mice. 
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Accordingly, the invention further provides a metiiod for vaccinating an 
animal against infection by Taenia. Preferably, the animal is a cow, a dog, a pig 
or a human. More preferably, the animal is a pig or a human and the method is 
effective for treating and preventing a T. solium infection. In one aspect, the 
5 vaccine is administered therapeutically to an animal harboring a Taenia 

infection. In one embodiment of the therapeutic method, administration of the 
vaccine is effective to eliminate the parasite from the animal; in another 
embodiment, administration of the vaccine is effective to prevent or delay the 
appearance of cysticercosis or neurocysticercosis in the animal. In another 

10 aspect, the vaccine is administered prophylactically to an aninial in advance of 
infection by the parasite. In one embodiment of the prophylactic method, 
administration of the vaccine is effective to prevent subsequent infection of the 
animal by the parasite. In another embodiment of the prophylactic method, 
administration of the vaccine is effective to prevent or delay the development of 

15 cysticercosis or neurocysticercosis in the animal after subsequent infection by 
the parasite. In yet anotiier embodiment of the prophylactic method, 
administration of the vaccine is effective to prevent the death of the animal after 
subsequent infection by the parasite. Both veterinary and human applications 
are contemplated, as the vaccine is expected to be effective against various 

20 species of Taenia, including T. solium and T. crassiceps. Veterinary 

applications include prophylactic and therapeutic treatment of domestic animals, 
which may also control the spread of infection into human populations. 
Preferably, the method of the invention comprises administration of the vaccine 
to a pig or human that is infected with Taenia or at risk of Taenia infection, n 

25 pigs, the polynucleotide or polypeptide vaccine is preferably administered in 
feed. 

The invention further contemplates administration to an animal of 
different vaccines and/or inhibitor molecules in a serial protocol. For example, a 
plasmid-based DNA vaccine as described herein can be administered to a animal 
30 to "prime" the immune system, followed by the one or more administrations of a 
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polypeptide vaccine, a viral vaccine (e.g., vaccinia vector carrying the genes that 
encode the immunogenic polypeptide and, optionally, cytokines) and/or a 
phann^eutical composition comprising an inhibitor of cyst wall cysteine 
protease activity as identified according to the invention. The order of 
administration of the different types of compositions, and the nature of the 
compositions administered in any given dose (e.g., polypeptide vaccine, plasmid 
vaccine, viral vector vaccine, inhibitor molecule) can be readily determined by 
one of skill in the art to invoke the most effective immime response in the 
animal. 

EXAMPLES 

The present invention is illustrated by the following examples. It is to be 
understood that the particular examples, materials, amoimts, and procediu-es are 
to be interpreted broadly in accordance with the scope and spirit of tiie invention 
as set forth herein. 



Example L 

Purification and Characterization of a Cysteine Protease 
in the Murine Parasite T. crassiceps 

20 A T. crassiceps cyst wall cysteine protease was purified to homogeneity 

(White et al., Mol. Biochem. ParasitoL. 85:243-253 (1997)). The enzyme has an 
unusually high tumover ability for synthetic substrates and degrades human IgG 
rapidly in vitro. The molecule may play a key role in immune evasion by Taenia, 
a significant survival tactic employed by the parasite. 

25 Because of its significant biological similarity to T. solium, rapid growth 

rates (> 1 00 cysts after 4 weeks of mfection), and simple maintenance in 
BALB/c mice, T. crassiceps is commonly utilized as a model system for the 
study of the human parasite, T. solium (Hayunga et al., J. Parasitol .75: 638-642 
(1989); Ambrosio et al.. Arch. Med. Res . 25:325-330 (1994); White et al.. Infect. 

30 Agents Pis. 1:185-193 (1992)). T. crassiceps' natural hosts include rodents 
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(intermediate hosts) and canines (definitive liosts). We purified a predominant 
T. crassiceps cysteine protease to homogeneity, as confirmed by its N-terminus 
sequence, and its presentetion as a single band on silver stained gels of sodium 
dodecyl sulfete polyacrylamide gel electrophoresis (SDS-PAGE). The enzyme 
5 was solubilized from whole parasites with acid extraction, whereas httle cysteine 
protease activity was found in excretory fluid, a finding also noted by others 
(Hayunga et al., J. Parasitol .75: 638-642 (1989); Ambrosio et al., Arch. Med. 
Res. 25 :325-330 (1 994)). Since acid extraction was able to dissociate most of 
the enzyme, in comparison to detergent solubilization, we hypothesized that the 
10 protease was located in the cyst wall, but was most likely not in the integral 
membrane. These observations were later supported by transmission electron 
microscopy, which localized cysteine protease activity to lysosomal vesicles and 
the cyst wall (KhaUl et al., J. Parisitol. 84:513-515 (1998)). It is tiius likely that 
this cysteine protease is located in the cyst wall of Taenia, rendering it accessible 
15 as a chemotherapeutical target 

Gel filtration (AcA 54 gel filtration column) and Fast Protein Liquid 
Chromatography (F.P.L.C.) anion exchange (Mono Q) chromatography were 
used to purify the cysteine protease 682-fold fi-om the initial acid extract. The 
purified enzyme eluted at approximately 13% salt into 1 active sharp peak by 
20 anion exchange, and corresponded to 43 kDa based upon the expected molecular 
weight of the eluted firaction and the smgle band obtained by silver staming. 
(13% salt is significant since the similar Taenia solium cysteine protease also 
elutes at this percentage). Purity was fijrther confraned by an N-terminus 
sequence. Purity was fijrther confirmed by an N-terminus sequence. 
Unambiguous results were obtained on the first 52 amino acids (Fig. 1(b)). An 
N-terminus sequence on material obtained fi^m a second purification of T. 
crassiceps cysteine protease confirmed the sequence of the first 30 amino acids 
(Fig. la). Althou^ the N-tenninus sequence contains a cysteine at position 23, 
which is the catalytic cysteine in the papain superfamily, it does not contain the 
consensus pattem in enzymes of this superfamily (Hayunga et al., J. Parasitol .75: 
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638-642 (1989)). However, the T. crassiceps cysteine protease most closely 
resembles en2ymes in the papain family, in comparison to sequences of other 
cysteine protease families (Fig. lb). Thus, this en2yme may represent a new 
class of cysteine proteases with greatest homology to the papain superfamily . 
5 The purified cysteine protease was assayed for proteolytic activity using 

a synthetic peptide substrate linked to the C-terminus of 7-amino-4- 
trifluoromethyl coumarin (Z-Phe-Arg-AFC), substantially as described in White 
et al. (Mol. Biochem. ParasitoL . 85:243-253 (1997)). Purified protease (0.1 ug) 
is added to a saturating amount of Z-Phe-Arg-AFC (1 ug/500uL assay buffer) in 
10 0.4M citrate supplemented with IQmM cysteine, at pH 4.9. The mixture is 

incubate for 18 hours at 37C. The purified cysteine protease was characterized 
by unequivocal thiol dependence (a biochemical characteristic of all cysteine 
proteases), inhibition by cysteine protease inhibitors, a pi of 5 .27, and a substrate 
specificity profile demonstrating pronounced cleavage of Z-Phe-Arg-AFC (see 

15 Example U). The purified protease was marked by an unusually high Kcat/Km 
(substrate turnover efficacy) on the synthetic peptide substrate, Z-Phe-Arg-AFC , 
equivalent to 2.2 X 1 0^ M"^s which is an order of magnitude that approximates 
the enzymatic "diffusion control limit" which some investigators have likened to 
"catalytically perfect" enzymes (Voet, Biochemistry . 2nd ed, John Wiley and 

20 Sons, eds. 14:371-400 (1995)). Very few enzymes have been reported with such 
a high catalytic Kcat/Km ratio. Most enzymes with these characteristics tend to 
be quick metabolic enzymes (e.g. hexokinase and triose phosphate isomerase), 
capable of iiwrtantly catalyzing reactions during every encounter with substrate. 
Thus, the impressive efficacy of the Taenia cysteine protease in turning over 

25 substrate witii similar magnitudes was suggestive of an enzyme with a biological 
significance to the parasite (such as metabolism). 

The activity of the T. crassiceps protease was inhibited by the 
irreversible cysteine protease inhibitor, E64 (L-^ra«*-epoxysuccinyl- 
ieucylamide-(4-guanidino)-butane), indicating that the purified enzyme was a 

30 cysteine protease. The enzyme's Km was substantially increased, indicating 
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substantial loss of affinity of the cysteine protease for Z-Phe-Arg-AFC substrate. 
This result is consistent with a covalent interaction between E64 and the purified 
enzyme, as is typically characteristic for the interaction of E64 and cysteine 
proteases. In order to obtain these kinetic parameters, assays were set vap such 
5 that Km and Vm were calculated respectively from the X and y intercepts of a 
double reciprocal Lineweaver-Buiice plot of substrate concentration (moles) 
versus protease velocity (mol h"^). Kcat was calculated from the inverse of 
Vmax. 



10 Example II. 

Purification and Characterization of a Cysteine Protease 
in the Human Parasite, T. solium 
A cysteine protease from the human parasite, 7! solium, which uses the 
pig as an intermediate host, was purified and characterized. This protease is 
15 similar, although not identical, to the cysteine protease derived in Example I 
from T. crassiceps, whose natural hosts are rodents, and which grows very well 
in the BALB/c mouse. The data, however, are compelling that tlie active sites of 
the two proteases are highly homologous (which is the most important premise 
for a specific inhibitor). A protease inhibitor specifically directed against the T. 
20 solium cysteine protease is tiius expected to specifically inhibit the cysteine 

protease in T. crassiceps thereby permitting testing for inhibitor efficacy in the 
mouse model. 

T. solium cysts were obtained from wild cysticercotic pigs occupying the 
village of Guerrero in Mexico. As in 7! crassiceps, most of the cysteine protease 

25 activity of the T. solium cysts could be released by acid extraction, vwthout the 
need for detergent solubilization. When detergent solubilization was employed, 
the specific activity in the acid extracts was still approximately 5-fold higher. 
Thus, like the T. crassiceps cysteine protease, the T. solium cysteine protease is 
likely located in the cyst wall, but is not an integral membrane protein. 

30 The purification protocol used in T. crassiceps was used to purify the T. 
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solium cysteine protease. After acid extraction, gel filtration chromatography 
was employed and the active fraction eluted at 50-55 kDa, thereby suggesting 
that the T. solium cysteine protease is slightly larger than the T. crassiceps 
cysteine protease (43 kDa). Optical density readmgs on FPLC anion exchange, 

5 showed that the profiles of the T. solium and T. crassiceps enzymes are 
practically superimposable (Fig. 2). Active fiactions firom the AcA 54 gel 
filtration column were fractionated ftjrther by FPLC anion exchange 
chromatography using a Mono Q column. The two enzymes were eluted with 
identical gradients (dashed line) of 10 mM Tris, pH 7.6 (solution A) and 10 mM 

10 Tris, pH 7.6 plus 1 M NaCl (solution B). One ml fiactions were collected and 
assayed with Z-Phe-Arg-AFC substrate (dotted line). Absorbance was 
monitored at 280 nm (solid line). As can be observed, both enzymes elute 
between 12-14% salt, suggesting that these enzymes have a highly similar and 
conserved charge conformation. The T. solium cysteine protease electromigrated 

15 as a single band on silver stained SDS-PAGE gels. 

These data suggest that there are substantial similarities between the T. 
crassiceps and T. solium cysteine proteases. Further evidence suggests that the 
active sites are homologous. First, the pH optimum of the T. solium cysteine 
protease is identical to the pH optimum of the T. crassiceps cysteine protease 

20 (pH4.9). Moreover, the substrate cleav^e patterns are similar. For both 
enzymes, Z-Phe-Arg-AFC (Z-FR-AFC) is the most significantly cleaved 
substrate in comparison to a panel of synthetic substrates (Fig. 3). Next to Z-FR- 
AFC, it can be seen that Lys-Ala-AFC (KA-AFC) and Arg-AFC (R-AFC ) are 
the next best cleavable substrates by the T. solium protease. These two 

25 substrates are also the next best cleavable substrates for the T. crassiceps 

enzyme. The overall activity with respect to the other substrates (e.g., LG-AFC, 
ZRR-AFC) is not high enough in either enzyme. This data showing similar 
cleavage patterns between the two enzymes fiirther confirms the homologous 
nature of the two proteases' active sites. 
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Like the T. crassiceps cysteine protease active site, the T. solium 
cysteine protease is unequivocally thiol dependent, and is completely inhibited 
by the absence of cysteine. As shown in Table 1, both cysteiae proteases were 
inhibited by cysteine protease inhibitors but not significantly (>50%) by 
5 inhibitors of other catalytic classes. For example, inhibitors of the epoxy class of 
cysteine protease inhibitors (ie: E64 and EP459 (L-trans-epoxysuccinyl- 
leucylamido(4-methyl)butane)) completely abolish activity. HgCla inhibits both 
enzymes in a concentration dependent manner, as is characteristic of cysteine 
proteases. Near total inhibition is noted with the chloromethane uihibitors tosyl 

10 lysyl chloromefliyl ketone (TLCK) and tosylphenylanyl chloromethyl ketone 
(TPCK), which are known to inhibit serine proteases and some cysteine 
proteases. No significant inhibition is noted by inhibitors of other classes 
mcludmg PMSF, 1,10 phenanthroline, ethylenediaminetetracetic acid (EDTA) 
or pepstatin. In the table, one representative experiment is shown, but a 

15 minimxmi of three experiments were performed. Inhibitors were mcubated widi 
enzyme for 30 minutes before the addition of substrate. Fluorometric readii^s 
were assessed after overnight incubation. 
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Table 1. Sensitivity of (a) T. crassiceps (Example I) and (b) T. solium 
cysteine proteases to inhibition by a panel of inhibitors when Z-Phe-Arg- 
AFC is used as the substrate 

a) 

InlHtMor Catal>tic dass Concentration % Inhibiuon + SD* 



E|>47S 
lodoao 
HgCl, 



PMSF 
APMSF 
TLCK 
TPCK. 



99 ±1.0 
99i 1.1 
99 ±0.9 
99 + 0.7 

3 1 2.1 
40±29 
77 ±24 
47±.\2 

0+0 

96 + 3.5 
35 ±38 
27:38 
34±34 



Inhibitor* 


Calaljlic cla-ss 
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100 


E-M 


Cysteine 


10* M 


100 + 2.7 






lO-'M 


100 - 0.2 






W^M 


94 - 09 


lodoacetate 


Cysteine 


10-' M 


100 + DO 


HgCI2 


C>-st«ne 


lO^M 


9+31 






10--M 


4! ± 100 






4X10'M 


81-14 


PMSF 




IXIO'M 


29 + iOII 


T1.CK 




10 'M 


93 + 1.0 


TPCK 


Serine'CNStcine 


lO-'M 


93 + l.fl 


l.lOPhenanthroline 


Melallo 


2XI0*M 


49 + 10 


tDTA 


Melalln 


IXIO-M 


13+ ^0 






2X!0'M 


8+2.0 


Pc|»tatiii 




! X 10-5 


34 + 4.0 






IX 10-7 


39 + K. 


DCI 






38+11 



10 specific cysteine protease inhibitors (e.g., Suc-Leu-Tyr-AFC) abrogate 

the ability of the T. solium and T. crassiceps cysteine proteases to cleave human 
IgG on western blots (see Fig. 4b), when human IgG is used as a substrate. 
Thus, both enzyme active sites are marked by highly homologous inhibitor 
profiles. 
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In addition, the Kcat/Km ratio for the T. solium cysteine protease active 
site, on Z-Phe-Arg-AFC is equal to 2.84 X 10^ M"* s"^ and is close to the 
Kcat/Km ratio of the T. crassiceps cysteine protease (2.2 X 10* MT' s'* ). The T. 
solium cysteine protease is thus also within the logarithmic range of the diffusion 
5 control limit of 10^-10^ for "catalytically perfect" enzymes. Consequently, the 
T. solium cysteine protease also demonstrates a remarkable ability to tum over 
substrate, and we thus believe this to be evidence that such an efficacious 
mzyme must be significant to this human parasite. 

Finally, like the T. crassiceps enzyme, the T. solium oizyme is also 

10 characterized by the capability to degrade the heavy and light chains of human 
IgG (Fig. 4), and tiie ability to do it quickly. Himian IgG was incubated for 18 
hours with a) T. crassiceps acid extract or b) T. solium purified cysteine protease 
(CP). Incubated tubes were subsequently fractionated by SDS-PAGE under 
reducing conditions, blotted onto PVDF membrane, and visualized using 

15 biotrnylated anti-IgG (heavy chain/light chain), biotin-peroxidase conjugated- 
strepavidin complex and enhanced chemiluminescence. Top and bottom arrows 
indicate heavy and light chains, respectively, in panel A. Only the heavy chain is 
shown in Panel B. The absence of heavy and light chains suggests that the 
proteins are broken down into peptides. In another experiment, we noted that 

20 like T. crassiceps, the T. solium enzyme accomplishes complete IgG degradation 
by 30 minutes. This degradation was thiol dependent, and inhibited by the 
cysteine protease inhibitor, E64, but not by inhibitors of other catalytic classes. 
When the specific inhibitor, Z-LLY-FMK (Example IV)) was incubated with the 
T. solium cysteine protease in the presence of IgG, degradation of the antibody 

25 was inhibited. The T. solium cysteine protease also appears to be bias^ for 
human IgG degradation. For example, it did not degrade human albumin when 
this substrate was employed at the concentration that was used in the human 
IgG degradation studies. 
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Collectively, our data suggest that the T. solium enzyme is biochemically 
and biologically nearly identical to the T. crassiceps enzjone, with regard to 
active site catalysis. Specific inhibitors that inhibit the T. crassiceps cysteine 
protease also inhibit the T. solium cysteine protease (Example IV). In summary, 

5 evidence that supports the similarity of the enzyme active sites includes: highly 
similar pH optima, inhibitor profiles, substrate profiles, identical elution patterns 
off of anion exchange column, similar degradation of IgG, and inhibition by 
highly specific inhibitors. Consequently, the T. crassiceps cyst can confidentiy 
be used as a model system to study biological effects of protease inhibitors 

10 against the T. solium cysteine protease. 



Proposed interactions of Taenia cysteine proteases with the host's immune 
system 

The cyst wall cysteine proteases of Taenia may play a significant role in 

15 Taenia 's evasion of host immunity. Taenia cysts survive for many years in 

asymptomatic intermediate hosts. Thus, Taenia cysts must somehow evade host 
immune responses. Moreover, they must find host protein sources to degrade in 
order to obtain essential amino acid nutrients. We postulate a mechanism of 
how this may occur, beginning with immune evasion. However, it is to be 

20 understood that the present invention, insofar as it relates to methods and 
compounds for inhibiting the activity of a Taenia cysteine protease, is not 
intended to be liimted by any particular mechanism or mode of action. 

It has previously been suggested that IgG traffics through the blood brain 
barrier or is produced in the bram. An Fc receptor has been identified on the 

25 Taenia cyst wall, indicating that IgG uptake may be an active process (Kalinna 
et al., ParadM.106:289-296 (1993)). We postidate that IgG is routed to tiie cyst 
lysosomes in the cyst wall intemuncial processes and tegumentary cytons. 
Pathways demonstratmg protein shuttling to the lysosomes followed by protein 
degradation are known in T. crassiceps (Ambrosio et al.. Arch. Med. Res . 

30 25:325-330 (1994)). The cyst wall is where the cysteine protease is also 
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localized. After traiKport to the iysosomes, we hypothesize that the IgG would 
be degraded ia the Iysosomes. Hayunga et al. (Hayunga et al., J. Parasitol . 75: 
638-642 (1989)) have observed degraded IgG units in T. crassiceps lysosomal 
vesicles. IgG is subsequently broken down by the specialized cysteine protease 
5 into peptides, or possibly even amino acids in the Iysosomes. Thus, the IgG 
degrading cysteine protease may aid the cyst by protecting it from destructive 
host IgGs (complement-fixing IgG2a is associated to dying metacestodes). 

Eventually, the benefits of accessibility to IgG -derived peptide or amino 
aci^ "lying around" in tiie lysosome may have become a significant metabolic 

10 advantage. Indeed, the cysteine protease may help the parasite actually e:;^/o?Y 
the host immune response, not just disable it. Due to the impressive efficiency 
of the cysteine protease's ability to degrade IgG, antibodies may have become a 
good source of nutrients for the parasite in vivo, as has been suggested (White et 
al., Mol. Biochem Parasitol. . 85:243-253 (1997)). The general importance of 

15 the cysteine protease in growing parasites is illustrated by our transmission 

electron microscope (TEM) studies (Khalil et al., J. Parisitol. 84:513-515 (1998)) 
which show greater cysteine protease activity in smaller, metabolically active 
and growing cysticerci than in larger, older ones. The correlation between 
increased cyst growth and increased cysteine protease activity in these smaller 

20 cysts is consistent with the suggestion that the enzyme may play a key role in 
breaking down proteins, like IgG, for parasite nutrition. 

In the end. Taenia cysts may have become sensitized to a balance where 
a certain level of IgG in the host serum was actually beneficial metabolically, but 
too much could be destructive, immunologically. Perhaps there is a baseline 

25 physiological IgG level which is beneficial (IgG uptake in T. crassiceps cysts is 
shown to be saturable at physiological serum levels (Siebert et al., Exp. 
Parasitol . 48:64-174 (1979))). Thus, Taenia cysts may have a need for a certain 
level of IgGs for immune exploitation, but are harmed by concentration beyond 
this. Perhaps, this is why the cysteine protease, which is highly antigenic 

30 (Example III), is not located on the cyst wall surface, but is rather within the cyst 
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wall. Consequently, the cysts may have evolved molecular mechanisms to 
control this balance. For example, a secretory Taenia glycoprotein (Villa et al., 
Parisotol. 1 12:561-570 (1996)) appears to modulate the shift from a host T 
helper 1 (JhV) cellular mediated immune response to a humoral T helper 2 
5 response (Th2), favoring increased antibody production \^dlich may be used by 
the parasites for nutrition (tihis shift may also ^d the parasites in avoiding a 
destructive Thl cellular response, for which they have no defenses). 
Alternatively, diminished secretion of these molecules may slow down the shift 
from Thl to Th2 allowing the parasites another means to control their 

10 immunological environment (and thus, physiological IgG levels). 

We thus undertook to design or identify (Example IV) specific inhibitors 
of Taenia cyst wall cysteine protease that potentially function using one or both 
aspects of a dual mode of action. Fhst, specific inhibition of the cysteine 
protease may allow host immunoglobulins to reco^iize cysts thereby 

1 5 "unmasking" them to the immune system. In Example VI, we show how cysts 
from mice treated with specific inhibitors against the cysteine protease are 
coated by immune cells whereas cysts from nontreated mice are "clean." A 
second mode may be that inhibition of the cysteine protease may weaken the 
cyst by depriving it of IgG derived amino acids, thus impairing it metabolicdly. 

20 A "weakened" cyst would also more apt to be recognize by the immune system 
and possibly destroyed or at least prevented from further growth and/or 
proliferation. As shown in Example V our specific cysteine protease inhibitor 
treatments protected mice firom cysticercosis, suggesting that cyst growth (by 
budding) was compromised. 

25 Notably, the cysteine protease has been localized in these identical 

regions in which the degraded IgG was reported. Transmission electron 
microscopy (TEM) studies identified cysteine protease activity which cleaved 
the cysteine protease substrate, Z-Phe-Arg-methoxynaphthylamide (MNA) 
(Khalil et al., J. Parisitol. 84:513-515 (1998)) in acidic and lysosomal vacuoles 

30 of the cyst wall in T. crassiceps. . Free methoxynapthalymide was coupled to 
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osmium and p-rosanilin, and cleaved from Z-Phe-Arg at the substrate's carboxy 
side on the arginine residue. Compared to control without substrate, cysticerci 
incubated with substrate showed electron dense deposits in round vesicles, 
whereas most of these vesicles were found primarily witiiin the cyst wall 
5 tegumentary cytons and intemuncial processes. This study thus localized the 
cysteine protease to the cyst wall. When the cysticerci were incubated with the 
cysteine protease inhibitor, E64, prior to substrate addition, the electron dense 
bodies were fewer and less dense than in cysticerci without the inhibitor. Thus, 
the cysteine protease activity here was partially inhibited by E64, further 

10 supporting the presence of the cysteine protease in this region. It is 

hypothesized that inhibition was only partial with E64 because the concentration 
of this inhibitor within the acid vesicles may have been too low since the 
concentration of enzyme in the vesicles was higher than in our purification 
yields. Our important conclusions here are that 1) the cysteine protease appears 

15 localized to the same cyst wall regions where degraded IgGs have been 
observed, and that 2) a cysteine protease inhibitor was able to reduce the 
cysteine protease's activity in situ. This latter observation suggests the promising 
possibility that specifically designed protease inhibitors may be able to permeate 
and consequently, inhibit cysteine protease activity in the Taenia cyst wall. 

20 Moreover, the pH of the lysosomes (pH 4.9) is the identical pH optimum 

for activity of the cysteine protease on the synthetic substrate, Z-Phe-Arg- 
AFC,and the activity of the cysteine protease is totally dependent upon 
exogenous reducing groups, \^iuch are also present m the lysosomes. Although 
Z-Phe-Arg-AFC is cleaved by cysteine proteases as well as by serine proteases 

25 like kallikreins, serine proteases do not optimally fimction at acidic pH and they 
are thiol dependent. Also, prior studies failed to identify serine protease activity 
in Taenia cysticerci walls with similar peptides. Thus, the proteolytic activity 
detected here with Z-Phe-Arg-AFC at acidic pH in the reducii^ environment of 
the lysosomes is most likely due to the cysteine protease that we purified fix>m 
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the Taenia cyst wall. We also observed that the cysteine protease which we 
purified is the only one in the cyst wall. 

The Taenia cysteine proteases cleave human IgG optimally at lysosomal 
pH and only in the presence of reducii^ groups, in v//ro. It is thus notable that 
5 this enzyme was solely responsible for complete human IgG digestion on 
western blots, in comparison to otiier proteases present in the original acid 
extract of the purification protocol. The observation that both the heavy chain 
and light chains could be completely cleaved by the cysteine protease, suggests 
that the chains were reduced to peptides or amino acick, which are not visible on 

10 SDS-PAGE gels. Dose response experiments showed that the purified cysteine 
protease completely degraded both heavy and light chains of human IgG at a 
molar ratio up to 1 :30 (enzyme: IgG), whereas partial degradation of IgG 
occurred at molar ratios up to 1 :3000. Complete degradation was accomplished 
within only 45 minutes and was completely inhibited by the cysteine protease 

15 inhibitor, E64. As mentioned, E64 suppresses cysteine protease activity in the 
Taenia cyst wall in situ, suggesting that specifically designed cysteine protease 
inhibitors should also suppress IgG degradation by the cysteine protease. 
(Indeed, specific inhibition of the homologous T. solium cysteine protease is 
noted for Leu-Tyr-AFC-Fig 4b). Moreover, the substrate specificity profile of 

20 the purified enzyme most closely resembles cathepsin L-like cysteine proteases, 
which are mammalian lysosomal enzymes, and have also been linked to IgG 
degradation. These data are therefore compelling that the T. crmsiceps cysteine 
protease efficiently degrades host IgG substrates. 

Our data also suggest that the Taenia cysteine protease may also be 

25 preferentially selective for IgG degradation. For example, we have recentiy 

isolated a secretory cysteme protease fi-om T. crassiceps, with a pH optimum of 
6-3, \Mch appears to cause only minor cleavage of the human IgG heavy chain 
but not the light chain. By comparison, the cyst wall cysteine protease appears 
to degrade both chains. Based upon these data, we believe that the Taenia cyst 
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wall cysteine protease significantly contributes to lysosomal degradation of host 
IgG in Taenia, and may also be specialized for this process. 

In summary, the Taenia cyst wall cysteine protease's unusually high 
kinetic turnover ratio, its potentially key role in parasite nutrition and host 
5 immune evasion, its accessible location witiiin the cyst wall (but not too deep 
within the cyst), and the fact that its activity can be reduced by cysteine protease 
inhibitors in situ, render this enzyme a promising target for antiparasitic 
chemotherapy. 

10 Example IIL 

Vaccmation of BALB/c Mice with the T. solium Cysteine Protease 

BALB/c mice were vaccinated with the purified (eluted off the MonoQ 
anion exchange colunan) and partially purified (eluted off ACA 54 gel filtration 
column) T. solium cysteine protease (Example II) in Freund's Complete 

15 Adjuvant. Mice were subsequently boosted with the same preparations two 
weeks later. Five and a halfmonthsfollowii^ the booster, the mice were 
challenged with T. crassiceps cysts followed by euthanization after 6 weeks of 
active infection. As can be seen in Table 2 below, mice vaccinated with the 
purified cysteine protease were protected 72% fi-om cysticercosis, whereas mice 

20 vaccinated with the partially purified preparation, were protected 50%. The T. 
solium cysteine protease thus appears to be able to induce a cross-protective 
immune response in BALB/c mice, and this response correlates to the purity of 
the cysteine protease. This observation supports the characterization of these 
enzymes as antigenically similar. 



25 
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Table 2. Protection of BALB/c mice from T. crassiceps 
cystercercosis infection, after immunization with the purified (ACA54 
followed by Mono Q) and partially purified (ACA54 only) T. solium cysteine 
proteinase 





Cyst if 


AVG , 


STD 


% 

Protecti 
on 


Cyst 
Volum 
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.AVG 


STjy 
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38.6 


18.6 


71.8 


1.6 
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(pure) 


59 
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1.8 

.5 
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62 


69 


5.3 


49.8 
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2.1 
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2.3 
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70 








2.1 
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158 


137. 
3 


18.6 




7 


7.2 


.21 


(no 


113 








7.5 
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141 








7.1 
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We also obtained splenocytes from T. crassiceps infected mice and 
stimulated them with the purified T. solium cysteine protease or with a T. solium 
extract. Splenocytes were removed from mice carrying cysticercosis infection 
5 for 6 weeks as well as from normal, non-infected mice of the same age. The 
normal cells were exposed to Conconavalin-A (Con-A). Hie cells from the 
infected mice were exposed to the purified T. solium cysteine protease and the 
starting T. solium extract. Cellxdar proliferation was measured by 3H-thymidine 
incorporation. The purified protease elicited a proliferative response in tiie 
10 immune cells tihat was significantly greater than that elicited by the extract, 
equaling stimulation by the mitogen Conconavalin-A (Fig. 5). 

Example IV. 

Identification of Bound, Potent, and Selective Inhibitors Against the 71 
15 crassiceps and T. solium Cysteine Proteases in Vitro 

It was shown in Example II tiiat the cyst wall proteases from T. solium 
and T. crassiceps are biochemically similar. Thus, a protease inhibitor directed 
against the T. solium cyst wall cysteine protease would be expected to inhibit the 

.20 cyst wall cysteine proteinase of T. crassiceps. 

Our results with a Langmuir binding isotherm revealed that the T. solium 
cysteine proteinase has only one substrate binding site, suggesting that designing 
a specific inhibitor was feasible. Our goal in this study was to demonstrate 
efficacious, potent and selective inhibition of the enzyme in vitro, preferably 

25 characterized by binding of the inhibitor at the active site. Inhibitors that bind at 
the active site of an enzyme can also be used to assess the similarities of the 
enzymes' active sites (Fig. 6). Three inhibitors of Taenia cyst wall cysteine 
protease wore identified, and the protective potential of two of these inhibitors m 
vivo in the treatment of murine cysticercosis was also evaluated. 
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Two protease inhibitors inhibited the purified T. solium cysteine 
proteases in an assay using Z-Phe-Arg-AFC as a substrate at low efficacious 
concentrations: Z-Leucine-Leucine-Leucine-Fluoromethylketone (Z-LLL-FMK) 
and Z-I^ucine-l^ucine-Tyrosine-Fluoroniethylketone (Z-LLL-FMK). At 

5 nanomolar levels, these protease inhibitors suppressed the T. solium cysteme 
protease' s activity by 1 00% and 97%, respectively. Our kinetic data show lhat 
these inhibitors were bound to the cysteine protease's active site and were also 
potent for its inactivation. A third inhibitor, Ph2-LF-KP was also noted to 
inhibit the target cysteine protease rather efficaciously, by 80% when used at the 

10 same concentration as Z-LLL-FMK and Z-LLY-FMK. The inhibitors (Z-LLL- 
FMK and Z-LLY-FMK) similarly inhibited the T. crassiceps cysteine protease. 

Z-LLY-FMK and Z-LLL-FMK also inhibited degradation of human IgG 
by the T. solium cysteine protease. Thus, we hypothesized that they may also 
have the potential to block human IgG degradation by Taenia cysts in vivo. This 

15 consideration, the inhibitors' impressive efficacy in inhibiting the target 

proteases at low concentrations, and their nontoxicity to immune cells in vitro 
(Example VII) suggest that these inhibitors would serve as good candidates for 
chemotherapy in the mouse model of cysticercosis. 



20 Example V. 

Protection of BALB/c Mice from Cysticercosis Infection using the Specific 
Inhibitors Zr-Leucine-Leucine-Tyrosine Fluoromethylketone (Z-LLY-FMK) 
and 

Z-Leucine-Leucine-Leucine-Fiuoromethylketone (Z-LLL-FMK) 

25 Based upon the premise that the cyst wall cysteine protease may serve a 

critical function to the life cycle of the Taenia cyst, we tested our most 
efficacious inhibitors, Z-LLL-FMK, Z-LLY-FMK and Ph2-LF-KP for their 
abilities to protect mice fix>m cysticercosis infection. Z-LLY-FMK and Z-LLL- 
FMK were individually tested as prophylactics in a preliminary trial with 

30 BALB/c mice. Injections were carried out in 150 «/ of dimethyl sulfoxide. Mice 
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were pre-injected intraperitoneally for two days with the inhibitor (~1 .4X10- 
^M, dissolved in an injection vol. of 150 ul 0.1 5M PBS) followed by infection 
with 10 r. crassiceps cysts/mouse in 200 «/ 0.15 M PBS. Mice were 
subsequently dosed daily with the same concentration for four weeks. After one 
5 month of infection, both groups were euthanized and cysts removed by washing 
with sterile 0.15 M PBS. A minimum of two attached cysts were scored as 
multilobed (ML). Upon visual inspection, no mice showed effects of inhibitor 
toxicity. 

Mice in groups treated with Z-LLL-FMK were protected 100% from 
10 cysticercosis infection (Table 3). Mice in groups treated with Z-LLY-FMK were 
protected 85%-97% from cysticercosis infection, in comparison to untreated 
controls (Tables 3 and 4). Mice in groups treated with Ph2-LF-KP were 
protected 40 %. A subsequent study repeated the identical prophylactic 
experiment with Z-LLY-FMK and demonstrated similar protection data (75%- 
15 90%). 



Table 3. Correlation between in vitro inhibition, of T. solium i^steine 
protease and in vivo protection 
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Ph2-LF-KP 


80% 


40% 


n/a 


None observed 



"n/a" refers to unavailable data. 
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Table 4. The effect of Z-Leu-Leu-Tyr-Fluoromethylketone treatment of 
BALB/c mice challenged with Taenia crassiceps cysts 
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240 


197.7 
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Treated controls 
















Mouse 4 


7 


21.3 
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Mouse 5 
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84.8% 


13 


43% 




Mouse 6 


27 






86.4% 


14 
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5 Interestingly, a high percentage of cysts which did survive the treatment 

demonstrated abnormal morphology. Many of these cysts exhibited apoloar 
multilocularity (multi-lobed appearances), an abnormal budding pattern. Under 
histological exam, multilobed cysts showed enlarged walls compared to normal 
lobed cysts. 

10 A therapeutic study with Z-LLL-FMK was also conducted. During 

treatment phase, each treated mouse received 1.48 X 10'^ uglul of Leu-Leu-Tyr- 
FMK daily for three weeks and every other day during the last week. The results 
revealed 60% protection when inhibitor treatment began two weeks after mice 
had been infected with T. crassiceps cysts (Table 3). Mice in all groups survived 

15 without noticeable side effects (e.g., coat condition, tail dragging or paresis, etc). 

Finally, it is notable that a dose response of in vitro inhibition of the T. 
solium cysteine protease correlates with in vivo protection in BALB/c mice. 
Moreover, cysts removed from mice treated with tiie less effective inhibitor, 
Ph2-LF-KP, had neither adherent immtme cells nor damaged tegument. 



20 
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Example VI. Morphological Evaluation of Cysts in Mice Treated with 
Inhibitor of Taenia Cysteine Protease Activity 

Scanning electron microscopy (SEM) examination of the few surviving 
cysts which were removed from mice treated with Z-LLY-FMK in Example V 
5 revealed the presence of adherent immune cells, which were concomi^tly 
present where the cyst wall appears to be undergoing destruction (Fig. 7). We 
identified macrophages, neutrophils, fibroblasts, and collagenous deposits on the 
cyst surfaces from treated mice, in comparison to their absence on cysts from 
untreated mice. General surface atrophy was also parent. Microtriches 

1 0 (microvilli) were either sloughed off in entire regions or significantly shortened 
in general, compared to cysts M^iich were removed fix)m untreated mice. Breaks 
in the integrity of the cyst surface were also noted for the cysts removed from 
treated mice. Higher magnification revealed tegumental erosion near 
immunological cells. Cysts removed from untreated mice were characterized by 

15 no immune cells, intact and longer microtriches, and homogeneity of the cyst 
surface. These results are consistent with other studies which have shown that 
viable cysticerci in pig muscle and those removed from, humans at autopsy show 
little surrounding host inflammation. 

20 Example Vn. 

Z-LLY-FMK and Z-LLL-FMK are Nontoxic to Splenocytes from BALB/c 
Mouse Cells in Vitro 

Mouse splenocytes were removed and treated with either inhibitor alone 
or inhibitor and conconavalin A (Con- A). Splenocytes from normal mice were 

25 removed and treated with either inhibitor alone, or inhibitor and conconavalin A. 
Proliferation was measured by ^H-thymidine incorporation into the cells. A 
complete dose respoi^e curve for the inhibitor was conducted, with the highest 
dose representing in Fig. 8. The inhibitors did not induce a proliferative 
response (as measuared by ^H-thymidine incorporation). Furthermore, the 

30 inhibitors did not afifect Hie responsiveness of the splenocytes to Con-A. 
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Moreover, this dosage is three times the concentration which was utilized to 
inject mice on a daily basis in the prophylactic experiments (Example V). 

Furfhennore, trypan blue staining demonstrated that the mouse ceils were 
all viable, even if the inhibitor was present. These studies further support our 
5 observation that no host side effects were observed in mice when they were 
treated with the specific inhibitors, in vivo. Z-LLL-FMK and Z-LLY-FMK thus 
E^pear to be nontoxic to normal BALB/c moiise splenocytes in vitro. 

Example VIII. 

10 Delivery of rof/tia Cysteine Protease Inhibitor to Humans 

Inhibitors for medical or veterinary use are designed to inhibit the 
activity of Taenia cysteine protease in humans, in pigs or in botihi. In pigs, T. 
solium cysts are located predominantly in muscles. However, the parasite is 
very neurotropic in humans, hence the disease often manifests itself as 

15 neurocysticercosis. In neurocystercercosis the T. solium cysts are located in the 
brain, thus it is desirable to design inhibitors that are able to cross the blood- 
brain barrier. Hie murine T. crassiceps model is well-suited for determining the 
in vivo susceptibility of tapeworm larvae (cysts) to drugs, but potential drugs for 
human use also need to be evaluated for their ability to cross the blood-brain 

20 barrier. Drugs like albendazole and praziquantel that affect brain cysts are 
surmised to cross the barrier. 

It has been experimentally shown that the oil-water partition coefficient 
of nonelectrolytes is correlated with their membrane permeability and brain 
uptake in animal models (Levm, J. Med, Chem.. 23:682-684(1980); Comford, 

25 Exper. ParasitoL . 70:25-34 (1990)), Therefore, partition coefficients for the 
inhibitor compounds will be determined, and if their values predict barrier 
impermeabilty, strategies are pursued to improve the likelihood of permeation. 
A variety of strategies for by-passing tiiis barrier are known in the art, involving 
chemical modification of drugs, physical alteration of the blood/brain barrier and 

30 circumvention of the blood-brain barrier (reviewed in Abbott et al., Mol. Med. 
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Today , March 1996, 106-1 13). For example, Alkermes, Inc. of Cambridge, MA, 
a company that specializes in drag-dehvery systems, has a promising blood- 
brain barrier permeabilizing drug, RMP-7 (Cereport®), that is now in Phase II of 
clinical trials. As another example, the candidate drugs can be are chemically 
5 modified to improve their partition coefficients. TTie FMK substituent, for 
example, is thought to be important in membrane permeability of the drug and 
may assist in transporting the drug across the blood-brain barrier. 

The complete disclosures of all patents, patent applications including 
10 provisional patent applications, and pubhcations, and electronically available 
material (e.g., GenBank amino acid and nucleotide sequence submissions) cited 
herein are incorporated by reference. The foregoing detailed description and 
examples have been provided for clarity of understanding only. No unnecessary 
limitations are to be understood therefrom. The invention is not limited to the 
15 exact details shown and described; many variations will be apparent to one 

skilled in the art and are mtended to be included within the invention defined by 
the claims. 
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WHAT IS CLAIMED IS: 

1 . An isolated cyst wail cysteine proteinase derived from Taenia solium, 

2. An isolated polynucleotide having a nucleic acid sequence that encodes 
the proteinase of claim 1 . 

3 . An isolated polynucleotide that is the complement of the nucleic acid 
molecule of claim 2. 

4. A cyst wall cysteine proteinase or a polynucleotide having a nucleic acid 
sequence encoding a cyst wall cysteine proteinase, for use as a vaccine. 

5. Use of a cyst wall cysteine proteinase or a polynucleotide having a 
nucleic acid sequence encoding a cyst wall cysteine proteinase for the 
preparation of a vaccine. 

6. A vaccine comprising at least one component selected from the group 
consisting of (a) a polypeptide comprising a cyst wall cysteine proteinase or an 
immunogenic polypeptide subunit thereof and (b) a polynucleotide comprising a 
nucleotide sequence encoding a polypeptide comprising a cyst wall cysteine 
proteinase or an immunogenic polypeptide subunit thereof. 

7. The vaccine of claim 6 wherein the cyst wall cysteine proteinase is > 
derived from T. solium or T. crassiceps. 
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8. A method for treating an animal harboring a Taenia infection comprising 
administering to the infected animal the vaccine of claims 6 or 7, wherein 
administration of the vaccine is effective to eliminate the parasite from the 
animal or to prevent or delay the appearance of cysticercosis or 
neurocysticercosis the animal. 

9. A method for protecting an animal against a Taenia infection comprising 
admmistering to an uninfected animal the vaccine of claims 6 or 1, wherein 
administration of ttie composition is effective to prevent subsequent infection of 
the animal by the parasite or to prevent the development of cysticercosis or 
neurocysticercosis in the animal after subsequent infection by the parasite. 

1 0. The metiiod of claims 8 or 9 wherein the animal is a pig or a human and 
the Taenia infection is a T. solium infection. 

11. A pharmaceutical composition comprising: 

an inhibitor molecule that inhibits the activity of a cyst wall 
cysteine protease, the inhibitor molecule comprising a peptide or 
peptidomimetic compound; and 

a pharmaceutically accqptable carrier. 

1 2. The pharmaceutical composition of claim 1 1 wherein the peptide or 
peptidomimetic compound comprises (Xaa)n-Yaa-Zaa-R; wherein Xaa and Zaa 
are each independentiy any amino acid; Yaa is a hydrophobic amino acid; R 
comprises a nucleophilic moiety; and n = 0-5. 

13. The pharmaceutical composition of claim 12 wherein Yaa is leucine. 
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14. The phannaceutical composition of claims 12 or 13 wherein R comprises 
a chemical moiety selected from the group consisting of a carboxylic acid 
derivative, an amide daivative, a benzene derivative, a phenyl derivative, a 
chloromethylketone or derivative thereof, a fluoromethylketone or derivative 
thereof, an alphaketo acid or derivative thereof, a ketoamide or derivative 
thereo:^ a ketoester or derivative thereof, a vinylsuLfone or derivative thereof, 
and a pyridyl or derivative thereof. 

15. The phannaceutical composition of claims 12-14 whereui R comprises a 
fluoromethylketone (FMK). 

16. The pharmaceutical composition of claim 1 5 wherein the inhibitor 
molecule is Z-Leu-Leu-Leu-FMK or Leu-Leu-Tyr-FMK. 

17. The phannaceutical composition of claim 11-16 wherem the inhibitor 
molecule inhibits cyst wall cysteine proteinase derived from T. solium or T. 
crassiceps, 

1 8. Z-Leu-Leu-Leu-FMK or Z-Leu-Leu-Tyr-FMK for use as an active 
pharmaceutical substance. 

1 9. Zr^Leu-Leu-Leu-FMK or Z-Leu-Leu-Tyr-FMK accordmg to claim 1 8 for 
use in treatii^ human neurocysticercosis or porcine cysticercosis. 

20. The use of Z-Leu-Leu-Leu-FMK or Z-Leu-Leu-Tyr-FMK for the 
preparation of a pharmaceutical composition. 



wo 00/63350 



PCT/USOO/10672 



47 

2 1 . The use of an inhibitor molecule that inhibits the activity of a Taenia 
cysteine protease, the inhibitor molecule comprising a peptide or peptidomimetic 
compound, for the treatment of human neurocysticercosis or porcine 
cysticercosis. 

22. The use of an inhibitor molecule according to claim 2 1 wherein the 
peptide or peptidomimetic compound comprises (Xaa)n-Yaa-Zaa-R; wherein 
Xaa and Zaa are each independently any amino acid; Yaa is a hydrophobic 
amino acid; R comprises a nucleophilic moiety; and n = 0-5. 

23 . The iKe of an inhibitor molecule according to claim 22 wherem Yaa is 
leucine. 

24. The use of an inhibitor molecule according to claims 22 or 23 wherein R 
comprises a chemical moiety selected from the group consisting of a carboxylic 
acid derivative, an amide derivative, a benzene derivative, a phenyl derivative, a 
chloromethylketone or derivative thereof, a fluoromethylketone or derivative 
thereof, an alphaketo acid or derivative thereof, a ketoamide or derivative 
thereof, a ketoester or derivative thereof, a vinylsulfone or derivative thereof, 
and a pyridyl or derivative thereof. 

25 . The use of an inhibitor molecule according to claims 22-24 wherein R 
comprises a fluoromethylketone (FMK). 

26. A method for inhibiting Taenia cyst wall cysteine protease activity 
comprising contacting a Taenia cyst wall cysteine protease with an inhibitor 
molecule comprising (Xaa)n-Yaa-Zaa-R; wherein Xaa and Zaa are each any 
amino acid; Yaa is a hydrophobic amino acid; R comprises a nucleophilic 
moiety; and n is 0 to about 5. 
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27. The method of claim 26 wherein Yaa is leucine. 

28. The method of claims 26 or 27 wherein R comprises a chemical moiety 
selected from the group coi^isting of a carboxylic acid derivative, an amide 
derivative, a benzene derivative, a phenyl derivative, a chloromethylketone or 
derivative thereof, a fluorometiiylketone or derivative thereof, an alphaketo acid 
or derivative thereof, a ketoamide or derivative thereof, a ketoester or derivative 
thereof, a vinyisulfone or derivative thereof, and a pyridyl or derivative thereof. 

29. The method of claim 26-28 wherein R comprises a fluoromethylketone 
(FMK). 

30. The method of claim 29 wherein the inhibitor molecule is Z-Leu-Leu- 
Leu-FMK or Z-Leu-Leu-Tyr-FMK. 

31. The method of claim 26-30 performed in cell free enviroimaent. 

32. The method of claim 26-30 performed in cell culture, in an organ, or in a 
tissue. 

33. The method of claim 26-30 performed in a whole animal. 

34. The method of claim 26-30 wherein the Taenia cysteine proteinase is 
derived from T. solium. 
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35. A method for identifying an inhibitor of Taenia cysteine proteinase 
activity comprising: 

combining a candidate inhibitor and a Taenia cysteine proteinase to form 
a mixture; 

adding the proteinase substrate Z-Phe-Arg-7-amino-4- 
trifluoromethlycoumarin to the mixture; and 

determining the extent to which the proteinase substrate is cleaved; 
wherein a reduction m the extent of substrate cleavage compared to the extent of 
substrate cleavage in the absence of the candidate inhibitor is indicative of 
inhibition of Taenia cysteine proteinase activity. 

36. The method of claim 35 comprising combining a candidate inhibitor and 
a cysteine protease derived from T. solium or T. crassiceps to form the mixture. 

37. A computer-assisted melhod for identifying an inhibitor of Taenia 
cysteine proteinase activity comprising: 

supplying a computer model of the structure of an inhibitor of Taenia 
cysteine proteinase activity; 

either (i) computationally or visually screening a structural Ubrary for 
candidate compounds having a structure similar to that of the inhibitor or (ii) 
computationally or visually designing a candidate compound having a stmcture 
similar to that of the inhibitor; and 

assaying the candidate compound for the ability to inhibit Taenia 
cysteine proteinase activity. 
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38. A computer-assisted method for identifying an inhibitor of Taenia 
cysteine proteinase activity comprising: 

solving the X-ray crystal structure of a Taenia cysteine proteinase to 
yield a computer model of the Taenia cysteine proteinase; 

supplying a computer model of the structure of an inhibitor of Taenia 
cysteine proteinase activity; 

computationally or visually docking the inhibitor structure to the 
proteinase crystal structure at the binding site of the uahibitor; 

computationally or visually identifying intermolecular interactions 
between tiie inhibitor and the proteinase; 

either(i) computationally or visually screening a structural library for 
candidate compounds having a structure similar to that of the inhibitor or (ii) 
computationally or visually designing a candidate compound having a structure 
similar to that of the inhibitor; 

computationally or visually evaluating the mtennolecular interactions 
between the candidate compound and the proteinase; and 

assaying the candidate compound for the ability to inhibit Taenia 
cysteine proteinase activity. 

39. The method of claims 37 or 38 wherein the inhibitor is Z-Leu-Leu-Leu- 
FMK or Z-Leu-Leu-Tyr-FMK. 

40. A method for treating an ammal harboring a Taenia mfection comprising 
administering to the infected animal a pharmaceutical composition comprising 
an inhibitor of a Taenia cysteine proteinase, wherein administration of the 
composition is eflGsctive to eliminate the parasite from the animal or to prevent or 
delay the appearance of cysticercosis or neurocysticercosis the animal. 
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41 . A method for protecting an animal against a Taenia infection comprising 
admirdstering to an uninfected animal a pharmaceutical composition comprising 
an inhibitor of a Taenia cysteine proteinase, wherein administration of the 
composition is efifective to prevent subsequent infection of the animal by the 
parasite or to prevent the development of cysticercosis or neurocysticercosis the 
animal after subsequent infection by the parasite. 

42. The method of claims 40 or 41 wherein inhibitor is Z-Leu-Leu-Leu-FMK 
or Z-Leu-Leu-Tyr-FMK. 

43. The method of claims 40, 41 or 42 wherein tihe animal is a pig or a 
human and the Taenia infection is a T. solium infection. 
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DECI-ABATION AND POWKK OF ATTOISS^EY 

Wc, £aL»Q« B aig, Raymond T. Dflfioian, amd Arthur Clinton Wlute, declSae that: (I) our respwtive cifiaeaiships 
and i-esidLTica/mailmg addreSSiJS ?ire indicated belo^i (2) we hava reviewed and undexstand ibA conUaits of ilie 
specificadon idunOfied below, including The claLas, as amended by any anieadnwfli specifically fefeircd lo hefeia (3) 
Tye believe that iw; ai« the oo-inal, firet, and joint fnvearors ofthe stihjoct iiEWter hi 

CYSTEINE PROTEASE AND INOBIBITORS FOR PBEVfiNTlO^I AND tItEATMENT OF 
NEUROCYStlCERCOSB 

Tnieniaoonal Patent Application Serial No. PCT/USOO/1 0672, fdiid 20 April 2000 

described and daimcd ihetein and for which a patent k sot^ht; md (4) wt hetrtiy acknowledge our duty to disclo se 10 
the United States Patent and TrademaA Office all inf ormaticm kflowm to us to be materijd to the pateoaMli^ as defined 
in TiOe 37. Coda of Federal Regulations, j6/ 

We hereby cisOm fordiga priority benefit? under Tiilc 35, United Stales Code, §1 19(a)-(d) or §365<;W of any 
foreign app)icaiion(s) for pMlont or invCntOf's cemficate listed below, or §365(a) of any PCX iBtcmationa! oppliwiiDti 
wlach designates at least oae country ofl^ier ibem the United States of America listed below, and bavc also idandfied 
bolQw jutiy for*isn wpplinatioTi for patent or inveutoA' cwtifiosBfe, Or dfiy PCT international ^plicadon having a tiHng 
date before tlial of the applicadon on die basis orvbicii priority is cimmed: 

a. JC, ao such applications have been liled. 

b. _ such applications have been filed a$ follows: 



FOREIGN APPLACA J lONCS), IF AlW, CLAIMING FRiOMTY UNDER 
35 use §119(a)-(d), 5365(a), and/w S36S(fa) 


COUNTRY 


APPUCATIOTSI 
NUMJiER 


DATEOFJP-ILING 
(day, month, year) 


DATE OF ISSUE 
(day, mouthy year) 




















3 JUJk. FOREIGN APPLICATIONS. IF ANY, ilLED &EPOKE THE PRIORITY APPUCATIONfS) 




APPUCATION 
NUMBER 


DATE OF FILING 
(day, month, Tear) 


DAtX OF ISSUE 
(day. Month, year) _ 



















'rate 37. Cmfc on^deraii Rcgulikgons, §1 J6 it repiotluced on11iBai«rf>cd fmgj!!. 
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DECURATION AND POWER OF ATTORNEY 

W«. Sulman Baig, RaymQn<4T. Dm)m, lincj Anhur ClilltOn WhiW, du^ilart: that: ( 1) ourrespecrive cilixcniibipM 
. mt,\ T^sidence/maiiing addni.sses ai-e jjidictitcd below, {2) huve reviewed prjd undCrsianU iht: cnments of tlie 
3pi;eifiuttLit>n iilentified bdciw, including the claim?, as niiiertddCl by flny sfnundiriunt siieciftcnUy reftirfed to hcriun, (3) 
we beljevi thai we art- the nrigjnal, first, iincJ Joint inventors of ihe subjeui waiter in 

CYS TBINR PROTEASE AND INHIBITORS FOR PREVENTION AND TRFDATMEINT OF 
NEUROCYSTJCEKCOSIS 

rniernationfil Pfltcm Application Senal No- PCT/US0(VlQ672, nicd 20 April 2000 

cle^3cri^eGl and otnimed ihtMcin and ftyr which a patent is sought-, and (4) hereby ackDowledge our duty to di(,i:|».sti to 
^ . ihe Uni t^d States Patent anc! 'IrfiUcraark f all information known to us lo be nmteriat m ih? pmeiunWIiiy tis dofincU 
t=r| ifl 'i'ltie 37, Oodc oFFe^pral RegwlatjOfiS. §1,56," 

NVl- hereby claim foreign priority fc>enefils unJur Title 35, United gtiiies Code, §U9{ft)-(tl) or S365(b) nf any 
f foreisn appUcQtionts) for paiuitl or inventor's certificate listed beSow. or 6365(it) of any ?CT ipternntlonol nppiiiiiiEiion 
Ivf whith designates ni least one counlry uihtr ihun the United States of Anverica lisiCid bpinw, and have also Identified 
below any l"t>rcign application for patent or invcnloi'fi wiriificate, or iiny PCT internniionaJ appJifiAtion having a filina 
lij dste before ihat of the application on the bssii of which pi'Iorily i& cltrirnud: 

li. X_ m Huah applications have been filed, 
a b. _ )*uuh applications h;»ve been filed as follows; 



FORRTGN APPLICATION(S), IF ANY, CLAIMINK PRIOBTTV IWDER 1 
35 use 51 19(a)-W), 5365(8). and/or 5365(l» I 


COUNTKV 


APPLICATION 
NUMBER 


DATE OF FILING 
(day^ month, yvftr) 


DATE OF ISSUE 
(day, month, year! 
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ALL FOREIGN APPUCATIONS, IF ANY. PILED HRFORF. THE PRIORITY APPLICATION (S) 


COIUNTRY 


APPLICATION 
NUMBER 


DATE OP PIWNQ 
fday, month, year) 


DATE OF ISSUE 
(duy. mt»nth. yenr) 



















r«lt "^7, fprtc of Hcrtarnl Hcg«l»irions, I) 1 .50 is fepitKJucesJ on iJk nBvlieil pne* • 
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DRCLAXUnON AND tOYfER OF ATTOlkNEY 

We. .^alniaii BsSg, Raymdnd T. Dalr^iaA, and Anfaur Clmtbit White, deetare iluw: (1) ourrespeciive dtixvnfhips 
ana TBsidenCb/mailing itddresses are iiidicaied below; (2) we have revtc^ved and undersiand the coniem^ of ihe 
sttddOcalion identified below, including the claims, as amended by any ainendinem spe^ifi^faiy refencd to herein, (3) 
¥rc believe that ikre are the original, iwsi, and uivcnlnrs of tJ»tf sul>ject snaiter jo 
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iDiecn^onal PMent Application Serial No. PCT/USOty 1 0672, filed TO April 2000 

described and claiined therein and for which n patent U soit^bt; imd (4) we hereby ^^nowledge our duty to dia:lo$e to 
the tinned States Puteot nnd Trademark Office aU information known to us to maierial to the paTentabilfiy as defined 
in Title 37, Code of Federal Regulaocins. $1.56.' 

Wb hereby claim foreign priority btncfit^ under Title 33, United States Code. § 1 19(a>-td) or S363(b) of any 
foreign af^ltcatioiKs) for patent or inventor's ccnincaie listed below, or $36S(a) of any PCT intemationta appiicadon 
which designates at lea^ one countTy otlier than the United States of America listed below, and have also identiiied 
below «ny foreign appIicHtion for patent or inventor's certificate. Or any PCf inlcmationa) plication having a filing 
date before U)£it uf the ^pplicittion on the tassix of which priority is claimed: 

a. no Kuch application^ have been Hle<|. 

b. _ such applications have been filed as follows; 

FOREIGN APPLlCATION(S), IF /MY, CluAIMlNG nUORITY UNDER 
3S use tll9(ftMdy. fe3C5fa>. afdfar mS(h) 



APPLICATION 
NIJMBEft 



DATE OF FILING 



DATE OF ISSUE 
(dny.inwid>.y««rt 



ALL FOREIGN APPUCATIONS. IF ANY, K| 


LED BEFORR THE PRIOUmr APPLICATIONS 


COUNTRY 
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NUMBER 


DATE OF FILING 
(day. month, year) 


DATE OF ISSUE 
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Appt!eara()i).' Boig et at 
Serial Np.r PCrr/VS0Q/lQ672 
Infl Filing EHu^s AprU 20, 2000 

riac:CYyrEISEPnOTEASlSANDimi»lTOltSFORPRt^/BtmONANtftnEATM^ 
% 15^ DiAy to disclose infomuuion jnaierial lO palcntabiliiy. 

Ca> A pafem by it5 very natuTc is affected wjlh a public interest. The public in(sns«i i$ best wrved, and 

qje most effective patem exfuninaiion occunt when, at i** time an aprplicatton ix being examined, !!»• Of6«e is v»nt^ 
of and evalOAics the leAChings of information material to patentability. Each indivtdiiai assnciated vi/iili the filing 
and prosecution of » pateni i^licatton ha» » duty of caiidor and good fmih in draiing with dw Office, which 
indndes a duty to disclose io ^ Office all infonnation known to that individual to be nifttcrial to paienubitiiy as 
defined in dii« $eciioq. The duty to disclose infonnadon cM«t)c with ttspest to each pending elMm unol the claim i$ 
cancelled or withdrawn from consideratitai, or the applicafa'on becdmes abandoned. iDformatian mainial to die 
paientatnliiy of a claim (hat is cancelled or withdrawn fMHn eonsidefaiion need not be Mibatitfed ifthe infcHnnation is 
not manual tt» the paientabili^ of iwy daira remaning under considenition in ihc application. There is m duty to 
submit infinnnatitm which is not mawrial to Ow patentability of any existing claink. The duty to dujcloso all 
infonnaiion known to be material to patentability is deemed to be satisfied if all infcH-mation known lo be mawrial \t> 
patentability of any claiin issued in a patent was cited by the OfTtcc or submitted to dte Office in die manner 
presctibed by §§1.97(bH4) and 1.98. However, nopatmt will be grantud on an application in connecrion with 
which fraud OR ihe Office was practiced or attempted or the duty of discJttsure was vj^laicd ihrovgh bad fettb or 
intentional misconducL The Office ciieoorages applicants lo caicfully examine: 

( 1 ) Ihnta an cited sn search reports of a foreign patent office in a counterpart application, and 

(2> The closest ij>forn»ation over which individuals a&ajciated with the filing or prosecution of a patent 
application believe any pending claim pateniably defines, (u make sure that any nwterial 
information comained therein is disclosed to the Office. 

(b) Under this section, information is material to patentability when it is not cumulative lo infomwtion 
already of record or being in«»de of rccprd in the application, and 

(3) 11 establishes, by itself Of in combination vi'iih oihar infbrmaliun. a prima faciu case of 
tinpateniability of a claiirt; or 

(2) It refutes, iw i? incon*islc»i wiih. a position the applicant takes in; 

(i) Oi^sJng an argumftnt of unpatentabiliiy relied on by a»e Office, or 

(ii) Asserting an argunteni of pMcsilability. 

A prbna facie case of unpaieniabiliiy is eittablished when the information compels a conclusion that a claim i$ 
tmi^mabJe under die prt^onderance of evidence. httrdeii-Qf-|irnuf standtfd, giving each term in the claim its 
broadest reasonable coniitnicnon consistont with the specir»carion, and before any consideration is given to evidence 
which may be submitted in an attempt v> establish a contrary conclusion of patentability. 

(c) Individuals associated vdih the filing or pr<N»cuiion of a patimt application witlnn the meaning of 
^is .<»cfion are: 

(1) Each inventor named in the application; 

(2) Each aitoritey or agent who prepares or pjrosecuics the application: and 

(3> Every other person who is substantively involved in the ^paraiion or prosecution of the 

application and who is associated with the invenuw. with the assignee or with anyone to whom 
tlieic is an obligation to asngn the af^licadon, 

Cd) Individuals other than the attorney, agent or invonror may comply with this section by disclosing 

information to the attorney. ag«M. or inventor. 

(e) In any continuation-in-part application, the dory under this $ecr)on includes the duty to disolojte to 

the 

Oflice all information known to the person to be Tnaterial to patentability, as deAned in paragraph (b) of this scclirn*. 
which became availabk: between the filing date of the prior application and the national or PCf international filmg date 
of the coniinuation-in-pan application. 



Declaration and Power of Attorney ^ "-^^ 

AppltcanHs)' Haig et nL 
Serial ^o.: PCT/USOO/mn 

Wc hei^ claim th* benefit under Tiite 35. United Suic» Code §1 19(fi) of «ny Untied plates provisional 
applicaHonCs) luted be]ow. 

a, _ no such applications b»v« be«n filed. 

b. iveh appMoaoota have beeit filt»] as folio>M6: 



ifi 



1 PKOVISIQNALAFPUCATION 


^S).lFANY.tlNDE»35lJSC5119<«) 1 


1 APWLICATIONNUMBIUI 


DATEOFFIUNO | 
(daiy. mnnth, y«ar) , | 


1 60/130.338 


21 April 1999 1 







We hereby claim the bbwefit under Thie 35» United State* Code, §120 of any United States applications a 
S365(c) of any PCT interoaiionol avplicatic»n<») desienaung (he United States of Ametica. 

a. Tio suc3» Applications l»avc beei» filed. 
|>. _ stkch applications biive been fll6d a& tollOWK 
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AFPUCATION NUMBER 


DA-raOFWLING 
(d«r,nwntli.veiir) 


STATUS 
(iMitMited. pen^K. abandoned) 















|i)£ofar as the sobificl matter of each of ibc claims of thiii application is noi disclosed in Uxs prior United Siaies 
orPCT internrtitMial application in ihc manner provided by d»e first paragraph pf Title 35, United SfAtes Code, §112, 
we acknowledge the dtity lo disclose inateriwi information as defined in Title 37, Code of Federal Regdlaiions, §1 J6 
which occptred beiv^wm rf»e filing daic of the prior application and the national or l»CT intowuional filing date of thts 
applicaiii'm. 

We hereby appoint Ann M. Mueting (Reg. No. 33,977), Kevin W. Raascti (Reg, No. 35,65 »). Mark J Gebhardt 
(R«£. No. 35,5 1 8), Victoria A- Sandberg (Reg. No. 41 .287). Oavid L- Ptovence (Reg. No. *3.022).MatUiew W. 
(Reg No. 43,459), Loren Albin (Reg. No. 37,763), Brian 3. Walsh (Reg- No. 45,543), and Kathleen L. Banklin (Reg. 
No 47 574) our artomcys wiih foJl powers (including the powws of appointment. substituUon. and revocation) to 
prosecwie Ibis application and any division, conlinUBtion. condoumiott-in^an. reexamination or reisaut: ihereo^ and to 
transact all b»isiness in the Patent and Trademark Office connected ihercwilh. 

Pleast diit«l an coirespondcnce in this case lo: 

Attention: Victoria A. Sawftwrg 
Mueilng, Rimch St. Gebbvdt, P.A. 
P.O. Bo. 581415 
Minneapolis, MN 55458- 1415 
Telephone No. (612) 305^ 
Customer Nwnlwr 26813 



Declaration and Power of Attorney Pagi 2 of 4 

Applkamis): Baigetal 
Serial No.: PCr/USOOn0672 
Iml Filing Date: April 20, 2000 

mU:CySTmmPR07mSEANDmHmjT0 1iSf OItPR£^mT10NANDrJiEAniE!^OFNEVROCrS^ 

We hereby oMm the bwsfil Buder TiiJe 35, 1'niTed Slales Code § 119(e) of any Uniied Staws provisional 
a9;ipIici»tion(js> listed htslo*, 

a. _ no SQdi app'Qs:^wm have been GIcm). 

h. JC_ such afpHcatk>ns have been filed as follows: 



PROVISIONAL APPHCAT10N(SX IF ANY, tJNDER 35 DSC §119(e) i 


AFmCATtON NUMBER 


BATEOPITLING | 


60/130338 


2t Ami 1999 1 







Wc hereby claim the benefit under TMe 55, Vmpti Slales Code, §120 af any United Sraies applicatJuns or 
§365<c) cf auy PCT int«n»aili6nal a)jpIiestfion(s> AsNienating flje Ufiited S«lies of America, liJiled below. 

a. Ji. no such applicalioas have hctA filed. 

l>. _ Nucli appljciiioas have bcca Scd us follows: 



AmiCATIDN NI]MBER 


DATEOfSILINQ 


STATUS 
(l^tGDtedU pefidinB, abandoned) 















.V PTT .^1'^-^ 'J*' subjectmiwf Of each of die claims of this application is aw dwelosed m ihc prior United StMes 
or >^ r intenianonal apphcaiion m the maimer provided by Ibc first paragrapb of ritle 35, United States Code 5112, 
we aidcnowledgc ihe duty to disclose material information as defined ialtlf 37, Code cf FedS LgoiarionJ §136 
vwJuch occurred between the filing date of ine prior application and the national or PCT iniernalionai filin* date of this 
appbcauoa. 



(Reg No 4i4Sg), Loren Albm (Reg. No. 37,763). Jinan J. Walsh (Reg. No, 45^), ajjd Ksithieen L. Fraaklin CRCg 
■N0.dL5B) o«r attnm&ys tvith full powers (iocluding die powers of appoinimetir, subsiilution- smd ttsvocaiiou) to 
pr wccutc ttos »i>pl»«^Uoa and any divfrfon, cwitinuadoa, coT.aiaratiOT-in-pfl«^. wexainiaatioii f«- n^ssue. fhctnyif and to 
transact all buajMiSS in fee f>atetit and Trademark Ofifcc cc»toe«ed Uiere 



Please direct all COiiCSpondcnCC in this case tg: 

AtUSBtion: Victoria A. 5ai>dberg 
Mueting, fUasch &Gebbardl, JP,A. 
P.O. BOX 381413 
MinneapoUs, MN 55458-1415 
TElephoneNo. (612) 305- 
ClKtomer Number 2681:5 



OecLuruiim und Power (ifAitorne}^ Pa^s 2 of 4 

Applkantf.';): Buig f./ ai 
Serial No.: PCT/imO/mil 
(ni -L Filing Date: April 20, 2000 

Wk:CVSTEWEPliOTBASlJ!ANDlNmBITORSFORNiEy£NTJONANDTRmmE/^IOFmUROCYSTICE^^ 



We hei'eby claijii Uil* benefit under Title 35, UniieJ Slate; Code 51 of any Uniicd Swia? ppovisionai 
fippJiciijoftCJ) listed bdow, 

E\. ^ no tiucb applications haVfi been filutl. 

b. such applications have been filetj as follows: 



PROVISIONAL A PPLICATION(S), IF ANY. UNDMR 35 USC m9le\ \ 


APPtlCATtON NUMBER 


DATEOFFUING 
(day. month, year) 


60/130.338 


21 April m9 







Wu hurcby tiUim rh^ benefit imUer Title 35> Unlicd States Co(|e, §120 of any United Sfatti-i appiicaiions or 
5365(c) of any PCT Intemaiionttl applicationi(6) designating the United Sltttes of Amwicq. listed below. 

?f a. JL «o such applic^Ofms have been filed, 

C'k b. _ such hppIjcaTions hnve been filed as follows: 



APPUCATIONNUMJEH 


PATE OF PUINC 
(day, month, year) 


STATUS 
(patented, pending, nbaiidoncd) 















InsofflT ns the sutsjcct matter of each of «;hft d^im of iliis applicaiian Jii not JisicJosutl in th« prior Uri»t?d States 
Of PC?T inltimutional appljcsjiion iit the manner provided by the tlrat paragraph of T»t,lfc 35. Unitwl States Code, § 1 1 2, 
we ackjiowlsd^;c Ujc duly to diacioae maierial infoxmptton as defined in Ultlc 37, Code «f Federni liegijlniiofls, §1,56 
which occwrred between rht filing dalu oflhi: prior applicatjon and the nntional or PCT internMional filing date n"^ thia 
application. 

We Iwoby appoint Ann M- Mueting (Reg, No. 33.977), Kevin W. Kfiasch (Reg, Nu. 35.65 1 ). Murk J. ficbhardt 
(Reg. No. 35.5 1 8). Victorto A. Ssfidberg (Rug. Nt>. 4 1 .•2R7), David U T^ovenqe (l^eg, No, 43,022), Matthew W, At ams 
(Reg. Nu- 43.459), Uwn Albin (Reg. No 37,763), Brian J. vyatsh (Reg. No. 45.543), and Knthleen U FanicHn (Reg. 
No, 47,574) our attorneys v^ith full powers (including the powers of dppoiiUrti*iil, sub>.tiiHtitin, »nU rtvuL-utioi)) lo 
prnsecutB thi.s oppJicar.ion nitd niiy divisiuii, cwnlinualiun,funli75ual)on>in-p!»rl. rcefcurninarion or reissue tliereof, and lo 
iransJict all business in the Paienl and Tradawarfc Office cojlMCCted therewith. 



Plca-^c tlirEut all ccirrcfiponde.nce. in ihls case to; 

Attention: Vicioriii A. Sandherg 
Mucting. Raasch & Gebhardt, P.A, 
P.O. at»)t5Kl4l5 
MlJiJieapoJls, MN 55438-1415 
Telephone No, (^12) 305- 
CltStomcr Nitmbrr 26S13 



Declaration and Po w'fi t ofAltim^ P^S^ scif4 

AppUcemt(s): Bmg fit at. 
Semi No.: PCT/US00/m72 
Inn Films Dme: April 20, 2000 

Ttile: CYSTElt^EFnarEASE AND INHIBITORS FOR PREVENTION ANPrRmTMENTO FN EmOCYSTFCERCOSlS 

The undefsigncd declare fuither ihat all slareDients made herein of llieir own knowledge arc irue and ±aT all 
StalcnieuTs made on information and 'bttlJeJ' ai e l)cli6vcd lo be tme; end ^uOvit tbw ihese s»a ifstnents wtare made wilh Ihe 
knowledge that will&l false siausmenis and ihs hT«; so madfe are ipiaiishsble by fine or imprisonment, or both, under 
Scjcdoii lOOl of Title 18 of the United Slates Code acd thai sachwillfnl felse satememsfyBiy jeopjMidiase the vaJidhy of 
Uie applicaiion or sny paUart issuing tftcTeon. 

Wherefore, we pray that Leoers Pateat be gfanted lo xa for ihe Tmfinition described and elaiined in ihe 
speciOscation identified above and v« berel^ subscribe o«»rnam 
ani/ppwr of Anomcy on die date indicated telo*. 



\ 



"Cit>7«nship: U-SJi.. 
Tlcsidence: 1907 Souib Milledge Avemie, Apt. El 2, Athea s, Georgia 30605 
Mailing Addt6S:t: Smt 



RaymoTid T. D^mian Date 
Citizenship: 

Residence; J 170 Nonhwoods, WaiJansviUe, Owra;^ 30677 



Arthur Cliiffon White Date 
Clttzensliip: U.S.A- 

Residence: 708 Mulbeny Lane, Bellsttre, Texas 774qi 
Mailing Addvessi Same 



DeclQmUon mui Power uf Attorney Paga 3 of 4 

Applimntl'i): Baig et al- 
ScrinlNo,; PCT/US00/J0672 
Int'l Filing P(it£; April 20, 2000 

TUUrCy^rfElNEPROTEASEANDJNHiBlTORSFORPREVEmOl^ANDTREAmENTOFNEUROCYSTJCERCOSIS 

The uncier<iig.nec| declare further ihal alJ siaicmfnia made herein of their qwii Viiowlpcjge fii'p tfue and tJifii nli 
StalemtTits made nn intbrmatiQii and bc^lirfaie tiftljeve4 to beu-vie; £i?itl furllicr thm Ulcst; wlaleTTicniii! '^^xa Triads the 
knowledge timt willful fiilbt i^iaiunicniH arid iht- like .so made are punishable by fine or Impi'lsotiitienT, or boih> under 
Secvind 1001 of Title 18 of the Uniied Siaiits Code und thai tiudi willlul Wsu .stallimp^^^« mHy Jeopflrdj^ti the YfliiditV of 
(he nppiictiUon or liny palunl isifUiTig ihareon. 

NVhtTtsiorc, wii pray ibm Letters Pareni be gjanted to »s for the Invention descritwd and claimed in the 
speclficfltion iciemifiecl aboye and wc huruby jjwbwribc our names to tha foregoing up wificatip!! and clninvs, DeclaffiUon, 
antl Power Aitymey on the date indicated below. 



l',^ SalmunBaig 

1" Ciliionship: U.S,A. 

-'I Residence: 1907 Sout)! Milledge Avenuc, Apt. Iil2, Athens. OKffgia 30605 
Mailing Address: Same 

4-1 



^ 5' ' cjuzdusllip: U.i>^. 



Residence: 1170Northwoods.Wa!kiRSviUe, Georgia 50677 
^.sl Mailing Adtlruss: Same 



AnhurCUmQftWbhfi T^aw 

Criizenahip; U.S.A. 

Re5.id)?nce; 708 Mulbcfry .Lnne. BeJInire. Tf-xns 77401 
Mailing Address: Same 



Deciarution and Fav/tr ofAiiomey 



Page 3 of 4 



AppUcemf(s): fiaig rr <tl. 
Serial No.. PCT/US0O/101}72 
Tnll Filing Date: April 20, 2000 

Thk: CYSTEINE PitOTEASB AND mHtBrrQl^FOKPKEVEtfnONAl^D TKSATMENTOFNEURQCnTJC^COStS 

Utti undersigned deelAr« funher that all ststcmapis jim4c herpm of dMir ovm knowledge are inte Mid tftan 9II 
staienwnu mtide on iiifonnaifon and belief are believed n> be tnie; and fiir^H ihsl these $iaicinent$ wecc made wiUi the 
knowledge ih«t wliifvl fals^ statc^nents 4ik1 the like to mMle af» puntsbsble by fine or impri$oiubCnt, of boih, u«»4*r 
SevHcin 1001 uf Title IS uf the United Stat^ Code and thai such willAtT false 5t»te»wm$ may Jeopantiu: the valjdtly of 

the appliCjMion or smy paieniissoing diercun. 

Wherefore, we pray that Letters Patent he srnrttcd ttt i>s for the inveAtion described and elsiitied in ihe 
Speciltcaoon Jdentilied above and we hereby subscribe our names 10 the foregoing specif)caLi«yn and claims, DeclAn^tion, 
and Po«w«sr of Attorney cm die d»te indicated below. 



Salman Baig "Oam 
Citizenship: \3S.f\. 

Residence: 1907 $ouih Miltedjits Avenue. Apt El 2. Alliens, Georgia 
Mailing Address: Same 



Raymond T, Damisn 
Citizenship; U.5.A. 

Residence: 1 170 Nonhwoods, Waikinsville, Georgia 30677 
Mailing; Addiess; Same 



Arihur ClintOH White 
"Ciu^iidp: O.S.A. 
Resi<tem:B: 70? Mulheny Lane, BcHair* . Texas 77401 
Moling Address: Same ' 




Date 




Df.claru(ton und Pfn>er ofAUvmty Pa^tl 4 of 4 

^ppLicmi(s): RutR etal 
Sariul PCT/UHOQ/lOm 
I/il'l Filing Data- April 20, 2000 

Title: CYS TEINE PROTEASEANDINmBITORS FOR f'JiBViiNTt0NANDTREATM£N7OFN£(/liOCYST)CP^K^ 

§ 1.56 Duty ID disclose information mawrlfll lo pEitentabiJily, 

(a) A pnient by lis very noture is affccicd with a public inli^rcst. The public inturi:-'!! is hew ser^eri, and 

ihc most cJTiiii'tivt; patcnL examinution occurs when, ai The tiine an application la being exmiiinecl, the Offjce ii nwaic 
of and evaiimws the {eacfjings of flll inftirmiiiion mutcrial to piiiuntability. Bacb individual assnciqied with ihe nling 
and pmsecutton of a pflient s^pplkation has a dmy of candor tincl good faith in Junling with the Ofllce, which 
incJudes a duty lo disclose to ihe Officft all infomation known ihm iiidivlduiil to be maiej'tnJ to pfireumbility as 
defltied in this section. The duly lo disclose intormaiioT) exi^ua wjttJ raspect to ^Acl) p^itding claim muii llie claim is 
cancelled or withdr5\wn from consideraiioti, or the application becomes abandoned. Information inatisria? ui the 
. . patt)Tiiubilir,y of ^ claim ihqt is cancejlfid or withdrawn ftean cooaiderfttion need qo( be submitceid if ihe informal iOn \s 
?* iioi maicrial to iho paiunlabilUy "f any tlojm remaining undBT considmtitm in the ^pp|icA^^o^. There is no dwti' to 

subuiit lufojinfiiioi) which is not micntH lo ihc p«tunUibiliiy of uny uxisiing claim. Tbc duly to disclnsto all 
f ^ information known to he material to patisrviability is deemed to be s^Uafied if afi Ifliotrnmon knowt) to be jiitileriAl (O 
|# paifiniabiliiy of any clisiiro issued in a patent was cited by the Oiiic& or submitted to the Office in the manner . 
Ill preHcribed by §§1 ■97(b)-(d) and J ,98. Hov^ver, no paieni will be Eranusd on an applicarion in connecilon with 
r=»^ whiuli frsujd un tht: OlTici; wan pratitiraid or alluniptiid or the duly of diflCloMure was violated through biwJ failh or 
1 1 intamional misconduct. The Office encourages applicants to cfirefully exfimine: 

^'^ ( i) Pnor arl cuod in sjcaruh veporLs t)l" n foriiign palunl office ?n a uounterparl applifciitinn, and 

3 (2) The closest iijforni«tion over which individuais associated With tlie filing or prosecution of a paiftnl 

application believe any p&ndine cliiim patentably defines, to make sure tliai any mareri.il 
i J in^omnation contained tlierein i."; disciosed to the Office. 

I sss (b) Under this section, inforntaiion is matei'iaj to pgientabjlity when it is not cunwiaiive to mfnrmation 

already of record or being maJi: uf record in the itpplicalion, and 

I* []) It esidblishus, by iiscll or in combination wilh other infonnation, a prima ffiCiftcase of 

unpAiemnbiliiy of a claim; or 
(2) It rcfuttJ-S, <5r i.s inconsistent with, a po.'iittnn Ihc applicant lakes jn: 

(i) Opposing an argument of unpatentability relied on by the Office, or 

(ii) A-werrtngan i>rggni«ninf|>at,BnrAbility. 

A prima facie case of unpatL^ntabiJity is established wlien liw jnfoniiaiion compels a conclusion that a claim is 
unpafeisiablc under ihe preponderance of evidence, burdeii-of-proof standard, giving each Term in the claim ies 
broadftST reasonable conwruaion cpn.'jigteni with the .specification, and before any considsfntioo is given to evidence 
vi-hich may be submitted in an attempt to establish a contrary conclnsion of pniftntabiliiy. 

(c) Individuals ashocialcd with the fding or prosecution ofa patent application within the meanin^nf 

this section are; 

(1) Each inventor named in the applicfiiion: 

(2) Each attornuy or Aseiir who prepares nr pnisicc^utcH Ihia lippUtsttjon; and 

(3) Every other person who is subiianiively involved in the preparation or prosecution of the 
ftppijoaiion and who is Bssociflted with the inventor, with the awiigpee or with anyone 10 whon> 
d>ei"e 19 an obligation to assign the application. 

(tl) Ijidividqals other tlian The atloniey. agent nr inventor may comply with Uiii section by disclostne 

information to the ntiomey. ngent, nr inventor, 

(fi) .III wy coniinuaiion-in-part appIieuUun, the duly under Ihls section includes the duty to disclose it> 



Oi'llcc all inlormatiDn jcpovyn to the person to be iitnierial to paieninbj])ly, H8 defined in paragraph (h) of this section, 
which bcciunc available between the filing dnie of the prior application and the naticnal ur PCT international filing dale 
of the contiittiatioft-in-part application. 



Declaraiion and Power of Attorney ^'^^^ * ^ 

Applicant(s}: Baig et al 
Serial No.: PCT/l/SOO/10672 

Jf\t'l Filing Date: ApriilO, 2000 .„ 

§ i.S6 Duly w> disclose inroimadoii maierial lo {^tenlabiiliry. 

(a) A paxenL by its very naiHiE i& affected vi^ apublic iniciwi. The paHic mieiesi is best served, ebwI 

die mo&l effective parent cxacninsuion occlhs -when, at ihe time an appficaiion is being e*40ijned, ibe Office is Wfic 
of and evaluates the leaohings of aU rafordliaiioii maiciial to paicniabfljty. Each }n<«vkhial associated with iJie filing 
AAi prosecution i>r a jvatenl applioadon has a di«y of candor and good faiib in deaKng with ihe Office, which 
includes a rtiity to diSclose to (he Offieft all infonaadon Icnown w lhat itisjividuai to be material lo paianLabillty aj 
drfified in this seclioix, Ti«5 duty to cfisclosfe mforaiaticm exists with v^pv^t to each pending dlaim until the claim is 
excelled or withdrawn Iroio considerarion, or tiis application becomes abaudoTied. Infonnalioii material to Ihe 
patcntabDity of a claiTn «har is cancelled or withdrawn fcom consideration need not .scbtnitted if the infomWi'Mi is 
not material to ihc patw^tabilily of any claLn vemsaHms consideratjon in til© appliiaitivii- Thcr* »3 no doty to 
SPbinii iaforniaiion which is not malerial to ihe patentability of any ejcisting claiin. Hie duty (a disclose all 
Jnfomiatiuji known to b© maiciial ta paltMirability is deemed tO be satisfied if all iilformalidiii known lo be maliirial ro 
patentability of any clsani is&ued in a patent was cited by the Office or submitifid to tfie Office m the manner 
prcscarJbed by §§7 .97(hK<D and 1.98. However, no patent will be granted on an application in connection with 
which Iraod on the Office vms practiced or oittciijpt»cl or tte diwy nf riisclosuic waB violated tijrougb bad failh or 
iniisntional misconduci. Hie Office eucourages applicaats to carefully cxauaifle: 

(1) Prior art cited in search jeporis ufa. ruicign pa*£sni ofSoe in a cowbeipart appHciiilon. and 

(2) The closest infonjfliatjon ovtt Mach individuals associiilcd with the filing or prosecution of a patcnl 
appiicadan believe any pending claim pateutably dcHnes, ro make sure that any maletia] 
iflfoimuliOA contained therein is disclosed to the Officc- 

O) Tinrieif rhls section, infotmation is maiBTiai lo patentability whoo ii is jiot cumulative lo iiifonnation 

already of recoid car being made of record in the ap^icaiiOit, and 

(I) It BBtablifihes, by iiseJf or in combination with olhef iBfionualioa, a ptima facjE case of 

impaientabiliiy of a claim; or 
t2) It f efiHtis, or Is inconsistent vdlh, a position the applicant takes in: 

(i) Opposing an argimiftnt of unpate-nTRhfliiiy rpJtcil on by the Oifice. or 

(ii) Asserarn;aji Mgumcmof pateniability. 

A prima taciC case of unpaientabillEy is eKiabli!.hwl when the iniVniation coatpels tt eoaclaeion that a claim is 
tinpatentable under the piepwwJerance of evidence, burden-of-proof standard, giving eadh term la tiie daiin its 
l>roadc« faasonabie conslruaion ccmsisieni vrilh die specification, and before any ccmijideratlon is given to cvideDce 
which may bc sub5niucd in an aliempt to establish a conorary conciusicm of pai«mabilily . 

(c) Iadividuateas5odal£dvriththcfilingOTp]»seeuliOA0f9paUmtappHc^^ 
Has section aru; 

(1 ) EsKsh iawentcrt- named in the applic^ion: 

(2) Each atroraey or agent who pr^ares or prosecojEs the applica^oflii and 

(3) Every odKr person who is substantively involved in the pECpanmon or prasecuiion of the 
2ippUcation and who is ossociatBd with the inventor wiih riie assignee or with auYonc lo whom 
there is itn obligatiOTi to assign the applicaiJon. 

(d) Individuals other Hum Uie aUcuiitcy, ^gcnt or inventor may comply with this 5!f<Jir>n by disclosing 
informaiion to the atiumey, agent, or inventor, 

(e) In any coniinuaiion-in-pait application, die duty untlcr diis seuaoii jncludca the duty to disc lose to 
the 

QE^ce all ijifbrtnation known vo the person to be maGerial to pateniabilliy, as defined in pdragri:q>li (b) or tltis naciioih 
which became ^vailabje between the rUins date of the p^ior applicatkm aiKi the national or PCT iitfernational filiitg date 
of the rTMitiniiation-in-part application. 



